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SECTION 1
INTRODUCTION

This report, "Design/Cost Tradeoff Studies, "' has been prepared for NASA/GSFC under Con-
tract NAS 5-20518, EOS System Definition Study. It presents the results of the significant
design/cost tradeoffs made during the first three months of the study and presents summary '

costs for the total program for selected mission options.
This report is organized info three major cost/trade areas:

¢ Section 2, System Design/Cost Tradeoffs, discusses those design/cost factors that
affect a series of mission/system level questions, This section of the report is
organized fo correspond to the cost tradeoff matrix presented in the study RFP and
expanded in the GE proposal, Many of these system level cost trades are summaries
of cost data developed from more detailed subsystem studies and to this extent re-
quire lower level trades for substantiation, In a few areas it was preferable to dis-
cuss the system trade in its entirety in one place,

e Section 3, Spacecraft Design/Cost Tradeoffs, includes all internal spacecraft and
spacecraft interface cost trades. This section is organized around the spacecraft
subsystems,

s  Section 4, Ground System Design/Cost Tradeoffs, is subdivided into four sections,
First, those trades associated with receiving statmns and NASCOM facilities; second,
those associated with the operations control center and data services elements; third,
those affecting the image processing system; and finally, those relating to the low cost
ground stations,

s Section 5, Program Cost Summary, provides total program cost estimates of the re-
curring and non-recurring costs for three mission options,

It should be noted that in Sections 3, 4 and some categories in Section 2, cost trades are made
at various levels that may not reﬂect total program costs. For example, trades of two pro-
pulsion subsystem approaches may be made at the subsystem level without regard for '"across
the board"” allocatables, such as program management, etc, However, in Section 5 strict

adherence to total cost has been maintained,
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Cost data in this volume have been estimated using a variety of techniques depending upon the
particular trade being performed, Bottoms -up engineering estimates, supplemented by ROM
vender quotes and catalog costs were largely used in Sections 3 and 4, "Similar to" and cost

modeling were also used in Sections 2 and 5.



SECTION 2.0
SYSTEM COST TRADES

The RFP contained a comprehensive matrix of cost tradeoff studies for the EOS system.
That table was expanded upon by GE in its proposal. All of the cost trades identified in

the expanded table have been investigated and are reported in this section.

The order of presentation corresponds to the top line headings in the matrix with one
exception; the Spacecraft Autonomy and the Software vs. Hardware trades have been com-

bined under the heading of Spacecraft Autonomy.

For the most-part, the contents of this section are summaries of the cost trade results;
supporting details are included in the various subsystem discussions in Sections 3 and 4.
Where the trade studies are themes of other full Report Volumes, in particular, Orbit
and Launch Vehicle and Instruments, only brief discussions have been included. 1In a few
areas, such as Orbit Time of Day, Cost vs., Weight and Volume, and the Shuttle Trades,
the topics were addressed in somewhat more detail since corresponding more detailed

discussions do not exist elsewhere in the document.

2.1 ORBIT ATTITUDE

The range of altitudes to be considered in these cost trades has been limited to 300 to 500 nm
since this is the altitude range of primary interest for EOS-A. Below 300 nm drag causes
prohibitive penalties on the ACS and orbit adjust systems, an excessive number of orbit
adjusts are required to maintain ground track control and spacecraft to ground transmission
time becomes restrictive. Above 500 nm the instrument weights increase excessively and

launch vehicle performance becomes limiting,.

The cost impacts at three selected altitudes, 300, 400, and 500 nm as a function of sub~
system area are jdentified in Table 2-1, These cost trades are a condensation of the
parameiric performance analysis presented in Sections 4 and 5 of Report #1, "Orbits/

Launch Vehicle Tradeoff Studies and Recommendations, "



Table 2-1, Orbit

Altitude Cost Trades

300 MM

Effect of Alrinngda
400 HM

SN0 RM

Lowest cost epprogech due te minioum size
aptics and minimum number of detectors
if algnal-to-nolse rétic, ground resolu-
cion and swarh width sre maintained

Pessimestic cont model shows {ncresse of

14X,
Weight increass of 15 to 50% depending
on type of TH daesign.

Bedsiteatlic cost midel ahowm increase
of 363, .
Welght fnereate of 3¢ to 1305 degendfog
on cype of TH depign.

Impace on ARPI miniler to TH, howsver cost dota is even less definitive.
and geamerric distoTtion greater for lower airitudes {i.s.,
altirudes require lorger offsets and @isrortions are greater).

that offset anyle becomes larmer

HRP1's alan have inveraas altitnda relationship in

for game acceds time, lowar

Asrullng no major modifications ro existing

dacreasing alritude; many other parameters require cvaloation ro detérmine

cast lmpact and altirtude limits,

deaign, 5/¥ will dectease with

Lowest cost approach

Lowest cost approach since "Effectlive
Tactrople Radiared Power" ta directly

Same ;aa 500 mm

Ceoar incremae of 574K consieta of
inczeased TWT cosi of 15K and incressed
pover Bystem cast of 9K, Antcnma size
remeing constent and wae aslected for
500 om perfarmarce.

Same s 500 nm

.

Cast iperease of $5.9K Lncludes increased
tracking cost and increased power system
cosc.

Mechanical design not affected by this cost
exists to disaipece power ar all altlitudaes.

trada. Thermal design not affected by this

cout trede aince sufficient Tadintor

At alritudes Lower than 350 nm aera-
dynamic drag becomes aignificant, An
addirional 20,000 pole cw capebility
must be added to the pitch axis magneric
This glvas o weight increase
of & lby over 404 snd 500 nm end neglipg-

lLoweat cost and welght approach.

Lowegr coac and welght approach,

The solar array drive is not affected by thia casr trade,

No ¢psr varlation betwecn aplions.
50-1b weight penaley Eor arbit adjest due

Ho weight penalty due to negligible drag.

8/5 AREA Lopact
Thematic Happer Significant
cuarant,
HRPL $ignificent
M5 flgnificant
Wideband Z40 MBS Minor
Communications | Link
. celated to orbit eltitude.
Loy Minar Loweal cosk appm-gh.
Link
-
Mschanical/Thermal Kuns
ACS Minor
torquer.
ibie_cost impact,
gah Hope
RCS & Orbit Adjusc Minot
to higher drag at 300 nm.
Flight Support Syetem Noze
Reaupply Syatem Nope
Launch wehicle/propulaion),

Tie deaign and cost of the flight support ayscem and resupply eyst&m gre independent of orbit altitude.
thees yyotems which must be added to the spaceereil welght when considering shuttle delivery, vecovery or redupply ulifzzt the
percent of gshutrle rotal cmpability used at a given alritude and therefore the shuttle trip charge (chie affect 18 discussed uader

Minor impacr i

Launch Vehicle Significant
Delta Delivery

Shucrle Revuvery
Hydygzine Orbit Trengfegl

{Ref. Report #1 Fur details)

No Hydrazine Q.T1.

Luwest cosc approach since no srbic
trandfer propulsion system is required,

Allovable S/C weight (minus prop) = 2640 1|

%__ipge;ga,l;pruguls\on System returns mpAcecr.

Higher cost approack by L.5W due to
increased shuttle crip charge {larger
percent of shuttle capability required).

Allowable 5/C weight {minus prop) = 2530 1b

However, the weights of

aft to shuttle ozrbit 2300 om.

Groit nor shuctle compacihle aod cammat
he used without Integrzl propulsiaon
ayatem on spacecraft.

Hydrazine 0,7, System Added to Retugn to
Shurrle 3 300

Hot required.

Slightly higher cosc approdch due to coar
of orbit tvansfer system ta rerurp spuce-
craft to shutcle @ 300 M {vost delta =
300K ¥R and LOOK recurring).

Allowable 8/C weight (ninus prop) = 2380 Lb

Same cost delta as {or 400 nm = 300K R
and 100K recurring.

Alluwabla 5/C weipht (minug prop) « 2000

1t
Solar Array Minor Cost peralty of 20KS due io the increased | Cose penalty of SK§ due to the incressed Lowegs coat spproech due ta combined
aclar arrey ares required for the lower soler erray area required for che lawer effects of parcicle radiation damege snd
Alrirgde, altitude. orbital prriod apd dagh tioe.
Electrical Turegracion None Electrical intepration 1s noc affected by thls cost rrade,
0es Mincr FO¥ of DCS ancenna must be sized 25 & Functfon of eltitude. No cost impact, Performapce of non-ragimented (ERTSE like)
system will dograde with decrzazed alritude.
Gropnd 3ygkem Significant For divect communicarions (no TORS), four

grovnd Statieny required helow 400 now fov
U5 coverage in realtime. Coat lmpact to
equip fourth station with rayload unique
equipment ahout $5C0K.

Thrae zround srations sulfictent

ORIGINAL PAGH IR
OF POOR QUALITY
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The cost swingers are the instruments, launch vehicle .and ground statioh. It is
encouraging to note that there are no significant cost impacts in the spacecraft subsystem
areas over this altitude range. The cost penalty for equipping a fourth ground station for
altitudes in the 300-400 nm region is severe and adds operational complexity and other
costs. Even though definitive instrument cost data for TM & HRI?I is lacking, clearly
their cost will increase with altitude. The 418 nm orbit selected (see Report #1) is just .
above the altitude where a fourth ground station becomes unnecessary and appears to be
a cost effective choice. It also is directly shuttle accessible so that instrument design
does not need to change for transition to the shuttle launch system. This selection must

be further evaluated for missions involving the MSS.

2.2 LAUNCH VEHICLE OPTIONS

Launch vehicle options are discussed extensively in Report #1. The results show the

following:
Spacecraft Weight Additional Additional
Candidate (Ibs) Less Propulsion Weight Carried Cost
Launch System to 418 nm Altitude (1bs) ($M)
Delta, 2910 2330 T Ref Ref
Delta 3910 . 3295 945 2.0
Titan ITTB NUS 4275 1000 6.9

The Delta 2910 is the most cost effective launch system for:

o EOS-A or EOS-A' including provision for Shuttle retrieval (but not service},
including either WBVTR or TDRSS capability for global coverage.

o EOS-B, including provision for shuttle retrieval (but not service), assuming "light-
weight' instruments, and including TDRSS or limited WBVTR capability for glpbal

coverage,

The Delta 3910 is the most cost effective launch system for:
o Combined EOS-A and A', including provision for shuttle retrieval (but not service)

and including either WBVTR or TDRSS capability for global coverage.
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o EOS-B, including provisions for shuttle retrieval (but not service), and including

WBVTR and TDRSS capability for global coverage.

The Titan IIIB NUS is the most cost effective launch system for:

0 EOS-B including provision for shuttle service and retrieval, and including WBVTR

or TDRSS capability for global coverage.

The new mission definitions are used in the above. Launch vehicle cost impacts are

summarized in Table 2-2.

2.3 SHUTTLE/EOS COMPATIBILITY
The basic compatibility of the EOS desigh with the Shuttle system is covered in many

sections of this report and will be considered in detail in Report #6. This section deals
with several potential systems compatibility problems which have not been covered at a

subsystem level. Only a preliminary cost impact has been made at this time.

EFFECT o

S/5 area Impact Launch Sys. Launch Sys. Launch Sys.
DELTA 2910] Cost (6.6M) DELTA 3910| Cost (8.6M)} TITAN III B-NUS|Cost (15.5M

Structure & Mech. Minor light weight i —— heavy weight

ACS None --- —— P

Power ‘ Neone _— -—— -

Solar Array & Drive | Minor light wt array & less pur .- -—-

C & DH Minor limited redundancy redundancy redundancy

Harness & 8Signal Cnd None --- -—- ---

Thermal None R ——— _———

Pnevmatics None [ - [

Adapter Minor light wt (short adapter) use exlsting adapter new coanical adapter rczq'd.I

Orbit Adjust & Orbit] Minor impact included in launch system costs

Trans
Wideband Comomun. Signif- [no tape recorders (HDMR's) two w.b. tape recorders| two w.b. tape recorders
icant plus redundancy plus redundancy
MS3 $ignif, {limited to one MSS 2 M58 capabiliry 2 M58 capability
™ . Signif, |limited to 330# instr. limited to 330# instr. | se any TM

Table 2-2. Launch System Cost/Performance Impacts
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2.3.1 CONTAMINATION

Present designs for the Space Transportation Systems (STS) call for Class 100, 000 clean
room conditions in the Orbiter payload bay prior to launch, Several nitrogen purges of
the bay are planned after the EOS is mated to the Shuttle and the bay doors are closed.
There can be no guarantee of any condition, however, approaching the Class 10, 000

requirement that is likely to exist for potential EOS mission sensors.

Three alternate approaches to the problem were considered:
1. Sealed EOS - this approach requires either sealing of all EOS joints to eliminate
7 contaminants, or course seals with a purge.
2. EOS Shroud - a special protection shroud would be provided in the Flight Support
System (FSS).
3. FSS8 Shroud - a special protection shroud would be provided in the Flight Suppqrt
System (FSS).

Preliminary cost impact for the alternative solutions range from a few to several hundred

thousand dollars per system.

2.3.2 NETWORK OPERATIONS

- The Shuttle Avionics System is designed to accept up to 128 kbps of EOS operational data
for real-time and/or store-and-dump transmission to the ground, The data will be inter-
leaved with the Orbiter telemetry and transmitted directly to STDN via an S-band direct
PM link., The Orbiter can also‘accept up to 50 mbps of wideband data for transmission to
fhe ground via a TDRSS Ku—band relay. In either case, EOS data can be separated out at

the STDN or TDRSS ground station and transmitted to the EOS mission control center.

In general, this scheme should not present any major problerﬁs except for potential delays
in the data separation process. Since the Shuttle flight crew is expected to respond auto-
nomously to emergency conditions, the only difficulty may be in issuing commands to modify
spacecraft conditions in non-emergency cases, The Orbiter, however, does have the
capability to relay commands from the ground to the EOS. The command channel consists

il
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of a 2.4 kbps command information rate which is encoded into a 6.4 kbps bit stream prior
to transmission to the spacecraft, A 1.6 kbps synchronization pattern is interleaved with

the 6.4 kbps encoded rate providing a total command rate of 8 kbps.

The telemetry downlink capability of the Shuttle and the command uplink provisions are
fully compatible with EOS requirements. As suggested ahove, the major potential difficulty
is the separation of EOS downlink data from Shuttle data and the retransmission of this
data to the appropriate EOS control site. Unless this latter factor becomes a problem,

and it is not expected to be, there is no cost impact for providing compatibility in this area.

2,3.3 SAFVETY

A preliminary hazards analysis for the EOS design has identified several areas requiring
special attention. A complete hazards analysis and identification of required caution and |
warning monitoring will be contained in Study Report No. 8. The work performed to date
has been handicapped by the lack of formal safety requirements and guidelines for Shuttle
payloads, however, this data is in a final stage of preparation and is expected to be released

by NASA Headquarters shortly.

The preliminary work performed thus far indicates that the following EOS areas could
pose hazards to the safety of the Orbiter crew:

1. Hydrazine propellant

2, Premature solar array deployment

3. Electrical power batteries

4, RTF Generation

Design efforts have concentrated on severely reducing the likelihood of any condition which
would cause harm to a crewman or cause a mission abort. These potential hazard areas
are identified, however, to provide traceability for the design features incorporated to

reduce their chance of occurrence.
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With respect to hydrazine propellant, the potential dangers arise in two areas. First,

the possibility of an overpressure condition which could cause propellant leakage or a
severe, sudden tank/plumbing rupture (explosion). The danger of this condition is
ameliorated by the use of a low pressure system, pressure relief values, and a fank
préssure design factor of 2. The second possible ‘hazard arises from the corrosiveness
of hydrazine in the event of a leak was to occur within the Orbiter payload bay. The EQS
propulsion system has been designed with all weld joints to prevent leaks and redundant
valves have been utilized to reduce the likelihood of leaks at the thruster jet or main
engine. These are nominal design practices for this subsystem and result in no cost delta

for shuttle compatibility in this area.

The premature release of the solar array deployment mechanism could cause difficulty
in a number of ways, but the most dangerous appears to be the case which could cause
jamming of the payload bay doors in the open position. Another possible danger, release
of the array inside the bay and damage to the interior wiring, was discounted due to the
soft, low force release mechanism. The danger of premature release, in generszl, has
been reduced by the use of redundant release signals, a separate bus for power to the
deployment mechanism, and the use of a remote safe/arm control. Shuttle compatibility

results in a cost delta of $8K in the array deployment approach.

Since an ovefprlessure condition in the elecirical power batteries is a possibility, two
major steps have been taken to insure compatibility with the Shuttle safety requirements.
First, the case size used has been maximized for the mission timeline to account for
possible contingencies such as pad delays and higher-than-nominal pad temperatures.
Second, the battery case structure is designed to reduce the likelihood of external damage
should an overpressure condition occur. These design factors have been incorporated at

insignificant cost.

The fourth area in which a potential safety problem was identified concerns the inadvertent
ignition of Shuttle pyro devices by EOS RF generation. A thorough analysis of EQOS/Orbiter
EMC has not been conducted due to the limited availability of Orbiter EMC effects and

\‘
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the preliminary state of EOS design, However, the basic EOS design incorporates suffi-
cient shielding to prevent EMI with any of the spacecraft pyros and the potential problem
was reduced to an operational one. Major activation of EOS subsystems and use of the
telemetry RF link are deferred until the satellite is elevated out of the payload bay.

Further the power level output from the telemetry signal is very low and should be incapable

of igniting Orbiter pyros.

2.3.4 GROUND/LAUNCH OPERATIONS

Several critical potential problems of EOS/Shuttle compatibility have been evaluated with
respect to pre-launch operations. The first of these concerns the requirement for verti-
cal removal of the EQS from a Shuttle on the pad. This requirement has not been consi-
dered in depth at this time, although the major factors have been identified. Structural
provisions on EQOS for this operation would include four attach points for the GSE. Two
boints would be located adjacent to (and probably integral structurally with) the two upper
F5S attach points. The other two GSE attachment points would be located on the docking
structure at the aft end of the bus section. The cost of providing these points is minimal,
probably adding less than $20K to the vehicle recurring costs, The potential impact on
the FSS could be substantial, however. Although not completely clear from the available
data, it appears that the four probe and droque interfaces between the EOS and the FSS
docking/elevation mechanism require modification for a simple lateral removal of EOS.
I the removal activity is to include an axial movement (-x) first, to clear the probes from
their EOS seats, then it appears the cradle/EOS interface would require redesign, Esti-
mation of the cost impact of these potential design changes is the responsibility of RI and

is not currently available,

A second potential compatibility problem in the ground/launch operations area concerns the
EOS test schedule. From KSC's Launch Site Accommodations Handbook for Shuttle Pay-
loads, 2/1/74, the EOS will be installed in the payload bay 80-90 hours before launch. After
the payload/Shuttle interface testing is completed, the doors are closed with payload final
checkout oécurring at approximately 65 hours before launch. Although certain caution and
warning and critical function momtormg must be maintained durmg this time (and throughout
ascent), the question of further E(DS checkout and testmg must be considered.

! 2-8 | f ;(:
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A review of preliminary EOS checkout requirements has shown that all required, routine
spacecraft checkout can be completed prior to L - 80 hours, These are some continuing
functions such as battery trickle charging which must be accomplished during this

interval but no major checkout activities. If the final payload closeout were to be pushed

back beyond L - 100 hours, some cost impact may result.

2.4 THEMATIC MAPPER APPROACH

There are three different approaches to the Thematic Mapper corresponding to each of
three different manufacturers: Te Gulton, Hughes and Honeywell, The most fundamental
difference between the three is their scanning approach. Many of the tradeoffs throughout
the system, particularly in the processing area, are related to the difference in scan tech~

nique.

A second major difference between the instrument approaches is their size, weight, and
power requirements. The size and weight differences have major impact on the space-
craft configuration and the choice of launch vehicle. Note that only the Hughes version
has been weight and volume optimized. A key conclusion is that the other instrument |
versions must be weight and volume optimized if they are to fly in the planned payload

combinations,
A fhird major difference between the approaches is the availability of existing test equip-
ment, in particular a full aperture radiometric calibration seurce. This source is by

far the most costly of all test equipment.

The impact of the different TM approaches is summarized in Table 2-3. Details of the

instrument study results are documented in Volume II of the study reports.

2.5 HRPI APPROACH

There are five different approaches to the High Resolution Pointable Imager instrument
corresponding to each of four different manufacturers: Westinghouse with linear and

staggered pushbroom array approaches plus three scanning approaches, Te-Gulton,
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Table 2, 3,

TM Approach Cost Tradeoffs

5/8 Area Impace Te Hughes Honeywell

WB Data Handling Major If no on-board correction 15 used, 1f no on-board cerrection 18 ueed, cest{Par cn-board correction the COST Lo
data handling la equivalent between |[to {mplement will be 10% less than Te impiement ia equivalent to Hughes ver—
all insirument varsions except for version, {n-board cocrrection ¢f all sion, If corrections mre applied
data rate. The data rete will resnlt|data requires approximately 108 bics offon-board the zosc is approximately
in cost A of +10% compared to other {atarage because of 2 way sean, Cost equivalent to the Te unit. Date will
two verslens. 1f on-board correction|over Te ra implement 1s $150K recur- 8ti]l be 1in conleal format.
is perfermed for beth LCU & W/B data,fring.
the Te Ilnstrument is least costly co
accommodate,

Compaeter Major if no on-board correctivn is urilized|If no on-board correction is used, data|If no co-bosrd correctionm 13 utilized,
data compactien cort is equivalent compaction cost is equivalent between |data compactioh coBt is eguivalent
hetween all insrrument versioms. If [all instrument versions. Tf correc— between all instrument versions. If
corrections are implemented, the Te [ctions are implemented, the Hughes cost [corrections are implemented, cost
approach is the sfmplest to accom- over the Te approach is $20K in delta over the Te approach is imsigni-
madatea. development and $45K recurring. ficant

Mechanicalf Significant |Heavy instrument with weight equiva- [Lighest & smaliest instrument. Hes Heaviest instrument. Smaller than Te

Thermal lent to Homeywell. LaTgpest physical Jbean design oprimized buc may be verasion but much larger Lhan Hughes.
size; welght & volume not optimized. {slighctly optimistic., Minimm thermal |Maximum chermal dlssipation; design not
Thermal disaipativn toughly halfway |dlsaipation. Hinimum cost to actoa- optimized, Cost over Hughes to accom-
berween Hughes & Honeywell verslons. |modatre, modate is 50K if weight & volime not
Cost over the Hughes t¢ accommodate teduced to neat Hughes equivalent,

. is $50K 1f weight & volume not
reduced to near Hughes equivalent.

ACS None —-_— - -

DBC/Saftware Minor Camreand /Te lamatyy tequirsments See previoua column. See previous columm.
similar for all three versions. If
on-board processing is utilized,
computer glgerithms are different Ffor
2ach versian but cquivalent {n cost.

Flight Suppert None - - -

Resupply Hloor Resupply system must be sized to Towsst Tesupply coat. Delta cost from Hughes is minor
ccommadate weight and volume of .
instrumente. Cost varies with these
parameters. Delta cost from Hughes
iE miner. .

G3E Hajor New full field testlng device Existing VSs oilimator is suita . .
required. Cost dEItagU“ET Rughes for ful? fiefl.g zesting of Hughe;tT:‘:Le Exisn:g el field testing device
15 $250K . ALl uther GSE equiv- | ALl other GSE is equivalent for all avatlable. ALl other GSE aquiva-
alent far all approaches, approaches. lent for all appron;hgs.

Tect Facilivles Mivaf Test facility requirements similar See previous columm, Sae previous columm.
for all approaches. Te design may
have a windage problem with the ruof
wheel requicing helium blanket,

Need is not clear at this time,

LCRS Majer Lowest cost data to correecr in Adds §10-25K to LCRS. This ls Cost equivalent to Te version, Data

LCRS. typically 5-~10% addition Lo 1LCRS will be lefe in coulcal Format wirh
hardware coat. Cost is ta correct little impact wn LCRS or thruput.
for 2-way and non-linear scan.

CcDP Halar Winimem {mplementaticn costs, Highet cost tham Te by 340K hardware |Maximum cest impact. Requires $350K
plus programming to process Lwa-way to linearize conicsl scan data.
scan data,

LCRS Operstions Minor Minimum operating cost. Minor increase in operations/main- Minor icvcrease in operationsfmain-
tenznce cost due to small i{ncrease in Lenance cost due to small jnerease in
hardwara. hardware. Longer procesalng time may

cauge minor increase iv persannel
requirements.

CDP Operations Insizni- Ingignificant operations and main- See previous colum. See previous columm,

flcant tenance cost differances borween
approaches,

System Engineering| Hinor Different instrument approaches re~ | See previous columm.
quive slightly diffcren‘: engincering P See Previous Column
during system dgsign. Cost impact
1s insigniticanc.

I&T Minor I8T requirements similtar for all See Previgus Column Sme previous column,
appicaches

Laupch Vehicle Ma jor Heawy instrumeat; cennut be accom— Smallest and iiphtest instrument, Heaviest instrument. Can only he
wodated with a HRPI on Delta [aunch {cherefore hac minimum fmpact o accommodated with a HRPT ¢n Tizan
vehicle. See Launch Yehlcle, launch vehicle. Can be flown on Launch Vehicle. See Launch Vehicle,
Section 2.2 for cost lmpact. Delta 2910 with a2 HRPI. Sectien 2.2, for cosL impact.

Electrical Minor All versions have esgentinlly the See previous column, Sec previous column.

Integraticn sawe electrical interface. HNo
aignificant cost differences between
approaches .

Vowar Minor Tower consumption roughly hal fway Currently lowest power cansumption, Haximum power consumption but not
between Hughes & Honeywell vevsions, | therefore minimum impace, optimized. Folilowing oprimization
but not optimized, Follawlng cpti- cost delta will be minor.
mization cest delta will be minorv.

ORIGINAYL,
OF POOR

PAGE Iy
QUALITY
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Hughes and Honeywell. The three scanning types of HRPI's have the same type of funda-
mental differences as their TM equivalent as described in the previous section. The
Westinghouse approaches, while not scanners, also have the same type of fundamental
differences, i.e.,
1. Imaging approach and resultant impact on data processing
2. Size and weight with impact on S/C configuration and launch vehicle (note that
only the Hughes version has been size and weight optimized)

3. Test equipment a{railability

The impact of the four different HR PI approaches is simmarized in Table 2-4. Details

of the instrument study results are documented in Volume II of the study reports.

2.6 DATA OPERATIONS

Data Operations concerns itself with the method of operating the spacecraft and ground
system to acquire, return, process and distribute data that is both useful and timely for
users. For the EOS-A mission the general requirements on Daia Operation are:

1.  Operate the system to obtain global coverage data. Provide maximum coverage
with the TM and selected coverage both on and off nadir with HR PI.

2, Obtain all continental U.S, data in 'real—time. .

3. Utilize the WBVTR (or TDRSS) to obtain non-U.S. data.

4. Schedule instrument and WBVTR (TDRSS) data acquisition cycles. Schedule
WBVTR playhacks.

5. Schedule operation for local users.

6. Schedule operation for international ground stations,

7. Schedule and conirol the processing of U.S. data and small percentage of foreign
data returned via WBVTR (TDRSS). Assume most foreign data processed/
distributed by international ground stations. Scheduling includes process flow
and archieving.

8. Coordinate dissemination of products and product information to users. GSFC
users include principal investigators plus agencies. Output producté include
standard products and special orders.

9. Coordinate usage of extractive processing/data analysis facilities,
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Table 2-4. HRPI Approach Cost Tradeoifs

Subsystem Arca

Tmpart

Westinghouse

Te

Hughes

Honeywell

Wigdebund Data
Hindling

Compactor

Mechanical/
Therezal

ACE

OBC /Software

¥light Support

Resupply

GSE

Test Facilitles

LCRS

cpr

CNP Cperalions

Syatern
Frglpeering

1&T

Laonch Vehicle

Eleetrieal
Integrelion

Power

Majar

Major

Bignificant

MinoT

KNone

Minor

Major

Mipor

Major

Major

Minor

Inaignificant

Minor

Minor

Mujar

Minor

 Minor

For nn en-heard correction cade,
eogt will be 10% lower than Highes
dup o lower datz rato. IF on-board
processing is implemented, delta
coats gver Te are:

Linpay Stopgered
NR $150K  §150K
B 150K $200K

For no on-boerd corvection, datacomd
paction casts are equlvalent between all
Instrument verslons. I on-board cor-
Tactions gre implementsd, the delta

costdover Teare:! Linear Slaggernd
NR $80K 330K
R $60K $40K

Mueh larger and heavier than Hughes.
Weight & volume nol cptimized.,
Thermal dissipation higher then
Hughes, Cosl to accommodate is $50K
if welght and volume not reduced to
.near Hughes equivalent,

Command/Telemetry requirements
simllar for all four versiona,

Rezupply systems murt tw slzed to
Actommodate waight & volame of
Instruments. Coust varies with these
parameters, Uelta cost from Hughes
is minor,

New Il field testing devive required.
Cost is 2 function of Instrement
aperture elze. Westinghouse has
largest input apecture. Coet deltn
aver Hughes is 250K, All ather GSE
equivalent for all approaches,

Far 1o oh-board sinrage cise, cos5t
dolta over Hughes will he +10% due

io higher data rate. Te Seanning
HRPI 18 the s{mplesl ta accommodate
it on-board proceasing is Implemented

For no -on-board correction data
oampaction cogln are equivalent
between &l1 Insirument veralons.

If corroctions are Implementad, the
Ta approach ia tha aimplest to

to accommodate.

Maximum weight and siza, Hot welght
% volume optimized. Thermal dissip-
ation same ne Weatinghouse. Coat
deltn cver Hughes to accommodate ia
$50K U weight & volume not reduced
ta near Hughes equivelent.

Bue previous colomn,

Delta cost from Fughes & minor,

New full fiald testing device required,
Coat delta over Bughes 1s $250K. AlL
ather G3E aquivalent for all appreach
es.,

Cost to Implement without en-hoard
jcotrection ia midway betwoen
‘Westinghouso end Te. [If on-board
procegaing is implemented the
delta cost 18 50K reairring over
Te veralon.

For no an-board correction, data

Cost to Imptement without on-hoard
coTrection la slightly bigher than
Hughea bacause of Inereased data
Tate. B corrections are applied on
board, the cost I8 approximatsly
equivalent to the Te unlt- Data will
atill be in conical format,

For no on~board correctlon, datn
coBts are equival

peompaction cobta are equivalent
hotieen all instrument veraiona,

I correctlons are implemented, the
Hughea coat delta over the Te
approach je $20K in devalopment
cont and $20K recurring.

Lightest and smellest of all versions,
Han been design optimizedbut mey
be alightly optimistic, Minlmum
thermal disglpation. Minlwam coat
to 2ccommodate.

See praviois column.

Loweat resupply cost.

Fxlsting VESIR collimator is sult-
able for full fleld teating of Hughes
{natrument. All other GSE is
equivalent for all approaches.

between all Instrument verslons.

If corrections are Implamented, cost
delin over the Te approach le inelgnls
Ticant.

Slightly larger then Westinghouse
veraion but emaller than Te. Weight
Toughly equivalent to Westinghouse.
Thermal dispipaiion not defnad bot
expecied to be highest haeed on extra-
polated TM deslgn. Maxlmom §/C
Impact. I not weight & volumo
[optimized cost deliz to accommedate
ovor Bughes 13 $50K.

See previous polumn.

Full fleld testing device avallable. AlL

Delta cost from Hughes is minor.

other GSE equivalent for all approaches |

Text facllity requirements aimllar for
not clear ab thila time,

all approaches, Te design may have a wimlige problam with the roof whee! raquiting a heluwn blanket. Nead is

Roguires resampling of data nn
ground. [mplementation method
demands 4 sizable memory. Coat
della over Te approach is 3U0K.

Mujor increase in memory IE requirved
1o resample the data., Cost dalta
ever Te approach ia $183K.

Minor Increase in maintenance cost
tdue to small increase n hardware.

Minizrum implementation oost.

Minimum implementation cost,

Minimum opevating cost.

Adds $10-25K 1o cost of LEURS over
Te approach or 5-16% additlon to
LCRS hardware coat, Coat I8 to
correct for 2-way & non-llnear scan.
Hate thet if Hughes TM is implemen-
1rd, the same correction hardware
can be used with sasentially no coat
impact,

Higher rost than Te by $50K hard-
ware plus programming to process
2~way %oan data,

Minor intrease In operations/main-
tenanes cost due to small tnorease
inhardware,

Tittle Impact oh LCRS cost or thruput.

tenance cost due to small increase in
hardware. Luanger procesming tlme
ceuses minor fnerecase [n

Datz will he left in conical format with

Maxizmum coal impact requires $330K
to linezrize conical sean data.

Minor increase in operations/main~

requirements,

Insignificant operations and mainlengnte cost differenecs between approaches .

Different Insirument approaches require slightly different enginerring during system design, Cost impact is (rsignifloant.

I&T requirements aimilar for all approaches

Heavy instrumenl in present conliguration, Cannot be acrommodated with 2
TM on u Delta 2910 vehicle without size & weight optizaization See Launch

Vehicla, Seelion 2.2, for cost impact,

Lowest weight & volume. Can be
Accommodated on Delta 2910 witk a
light welght (Hughes) ™™ . Minbnurm
Imipact on Yaunch vehicle.

Same us first colomn,

All versinns have eseentially the same

elactrical interface. No significant cos

t difference between approzches,

Power consumption roughly hulfway
between Hughes & Honeywell hut not
optimized. Power subsyalem nost
delta over Hughca is expected 1o be
minor afLer aplimization.

Similar tp Westinghouss

Currently, Inwest powor consurnp-
tion because of optimizalion, there
therelore, minimum impacl.

Same ns Weseilnghouse.
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These requirements are all related to one or more of the following:

1. Number of users
2. System throughput

3. Number of output products

The cost of satisfying the requirements are all a function of one or more of these three
variables. These variables, in turn, reflect themselves in costs of various subsystem
and dperations areas. These relationships are summarized in Table 2;5 and their cost
impacts discussed in the sections noted.

The CDP equipment, its operation andl expendables are the most severely impacted by
those variables. The following shows the impact on just the IPS equipment costs as an

- indicator of its sensitivity to these variables. A complete analysis is given in Section 4. 3.

IPS Edquipment 40 Scenes per Day 250 Scenes per Day

Image Correction Subsystem | $2.2 M $3.1M
HDDT Generation .1 o4
CCT Generation .3 ) 5
Film Generatioﬁ i 2,7
$3.3 M $6.7 M
2.7 SPACECRAFT AUTONOMY ' ,

A complete set of system level trades have been performed to

1. Define all functions which could potentially be performed by the OBC

2. Assess the cost and performance impact of OBC vs. subsystem hardware imple-
mentation, *

3., Where software was most cost effective, assess the cost and performance impact

of implementing the function in the OBC vs. on the ground,

This {radeoff resulied in preliminary assessments of processing load and memory require-

ments for the OBC as summarized in Table 2-6. The loading and memory reqguirements
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Table 2-5, Data Operation Cost Tradeoffs

SPRSYSTEM EFFECT !
AREA IMPACT f (Number of Useras} £ (Thrupuc) f (Number, Type of Qutput Product)

OBC Mivor Command capability to operate No effect for ranges of Nane

Boftware ’ spacecraft to satisfy wide thruput considered for EOS-A.
range of numbers or geographic [Minor effect if OBC is to
distributions of usera, dig support the addition of
in the noise of OBC require- ancillary data or on-board
ments. Cnece the system ig data correction in MOMS,
designed to acquire data over [This effect costed cnder
& dingle area such as a ground [Spacacrafr Autonomy.
gtation, the delta capability
to acquire data over many
ground stations ig measured in
tens of wards of OBC memory.

LCRS Major Large number of low cost users [Thruput is directly related |Cost ig directly related to number,
imply implementing cerrection to LCRS cosr of hardware/ type of products and radiometric/
techniques on-board the space~ [software and processing geometric corrections implemented
craft. Thie is a major trade time (hence cost of peoplel. | in LORS. This ilmpact is congidered
area and 19 considered under This impact is considered under LCRS.

5/C vs Ground Fupction. under LCRE, Section 4.4, . i

Compactor/ |Major Large numbers of low-cost None None

Homg useTs lmply implementing
correction techniques on-
board the spacecraft. Tmple-
mentatiaon would be performed
in the compactor. Cost
trade is described under
S/C ve Ground Function.

Contrel Minor Contral center must schedule Insignificant None

Center/ 5/C and network operations.

Control Cost of scheduling and control

Center is only slightly related to

Cps the number of ueers {provided
users have their data processed
at rhe CDPF}. Many low cost or
international wsers will requice
coordination with OCC for cali-
bration data, 3/C time updates,
ete. Cost delta for multistation
suppert is L man, 1 shift per
day over the fe of the §/C.

Wetwark ‘M{nor None Tucreased thruput requires None

Ops inereased §/C contact time

to return the data which in ~

turn requires more support

from the network. Cost is .
related primarily to RT

only /WBVIR/TIRSS appreach

CDP Major Number of users translates CDP system design approach Reproduction facilities directly
directly into number of vutput |and cost is directly related |related to number of users and type
products, hence impact is on to thruput. Comprehensive of proeducts. See Section 4,%.
reproduct ion facitities, discussion of cost relation-

See Section &4.%. ship for {OP is included diw
Section 4,3,
——

CDP Ops Major Number of users supported ia Operation of CDP is directly |Number and cype of output products
directly related to the number Jrelated to system design is a key element in determining
of pecple required in the CDP approach which is driven by |the repreduction, shipping and
Facility for support. thruput . liaison manpower reguired in the

CDP Facility,

¢} 3 Ma jor Number 0f ueers, guantities Minor effect compared to See firat column,

Expendables and types of output products effect of number of users
largely determipe expendables |and output products. See
cost iun the CDP facility, previous column,

These costas are substantial.
For example, annual expend-
ables for photographic mater-.
ials for ERTS-1 is about §7.4M.

ORIGINAL PAGE H
OF POOR QUALITY,
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were utilized to evaluate the application of the AOP plus make recommendations on
improvements to increase overall AOP processing capability éis described in Section 3, 2.-
The left side of the table indicates areas where the O‘BC can cost-effectively provide com-
putational support. The subsystems required evaluation at the sub~function level to deter-
mine the optimum division of functions between OBC, spacecraft hardware,.and ground
computation. In many cases, a combination of all three is the preferred approach. A good
example is telemetry processing with an implementation approach of selected OBC tele-
metry data processing, telemetry formatting via subsystem hardware plus data analysis

on the ground. Other functions such as antenna pointing computations can effectively be
implemented entirely by ground and OBC software. Recommended implementation approaches
are summarized in Table 2-7. A compléte description of the selected épproach will be

provided in Report 5.

Table 2-6, AOP Loading Summary

DELTA CFPU DELTA Memory DELTA Powor  [DELTA Weight v DELTA Yolume ) DELTA Cost {K$) )
Funetion Uszpe [4) (K Words) (watts) (1ts) {(in”) Recurring Nontecurring
liin Mitx Min Hax Min Hax Min Max Min Max Min Max Min Max
Baseline AQP 3.0 5.0 8.0 8.0 2G.3  20.3 0.0 20.0 40,3 40.3 1535 155 12.0 12.0
1 CPU-1/0; 1 8K Memory '
1 Pwr Canv; 1 Pwr Switchy
Total Telemetry , 1.6 16.7 2.0 7.4 2.0 a.0 3.0 11.1 60.5 235.8 5.9 22.1 ) 24..0 56.0
Tatal Command 5.0 5.0 2.8 2.8 2.9 2.9 4,2 4.2 86.6 86.6 8.3 4.3 2&.0 28.0
Total Power 0.1 0.3 0.4 0.8 0.4 0.8 0.5 1.2 i1.7 23.2 1.1 2.1 5.3 5.3
Total Thermal 0.01 0.02 0.3 0.3 0.3 0.3 0.5 0.5 9.5 9.8 0.9 1.0 4.6 4.6
Total Antenna 1.2 12.0 6.5 6.5 6.7 6.7 9.7 9.7+ 1206.1 206.1 19,3  19.3 48.0  4B.O
Pelnting
Total Performance 2.8 5.2 3.4 4.6 3.5 4.7 5.0 6.8 110.4 145.6 10.1 13.7 26.0 26.0Q

Monitering

Total ACS ‘ 24,7 36.0 3.4 6.8 3.5 7.0 5.1  10.1 |107.9 216.2 iG.1 0.2 6.0 36.0
Inst Inst
17.4 29.0
Avg Avg .
Total Payload p.o1 0.00} 1.6 1.6 1.6 1.6 2.4 2.4 | 50.0 50.0 6.7 &7 . 9.2 9.2
Toral Propulsiom 0.4 .4 0.5 0.5 0.5 0.5 0.8 0.8 16.0 16.0 0.9 0.9 12.0 1Z.0
Total All Systems 36.0 76.0 0.9 3.3 21.4 32,5 3.2 46.8 |658.7 989.3 61.3 92,3 |[193.1 225.1
Tnst Inst ) '
8.5 58.6
Avg | Avg
Total All Svstems 35.0 81.0 28,9 39.3 41.7  52.8 51.2 66,8 Y1061.7 1392.3 J216.3 247.3 1205.1 1237.1
+ AOP Inst Inst .
31.5 73.6
Avg Avg
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Table 2-7. OBC/Subsystem Hardware/Ground Processing Implementation Approach.

' s/C Ground
OBC Hardware Processing

Telemetiry
Format Control
Limit Checking
Status Checks
Alarm Checks

X

All
Subsystems

tcl s el
il

Command
Decoding and Execution . X
Delayed Cmd Processing
Special Cmd Generation

el

Power
Load V/I Limit Monitoring
Load Pwr Consumption Monitoring
Battery Chg/Discharge Monitoring
Battery Operating Point Control
Battery Thermal Profile Monitoring
Load Configuration Control
Self-Test
Diagnostics

Periodic
Monitoring

KA KR A X AN

Thermal/Structure
Compensation Heater Control
Thermal Monitor
Self Test
Diagnostic

’

Periodic
Monitoring

AN

Alarm, Perf, Monitoring, Sys. Test
Processor Self Test
S/C System Self Test
Go/No Go Limit Processor
Perf. and Environ. Monitoring
Caution & Warning Processor
Diagnostic & Repair Verification X
Test Eval, & Historical Trends ‘ X
S/C Operating Signature X

4

ACS {All Functions)

Periodic’
Monitoring

R A K

oW

Antenna Pointing

Payload Periedic
Mode Selection (P/L & MOMS) Monitoring
HRPI Pointing
Correction Function Computation '
Ancillary Data Insertion

Ll

Propulsion
Orbit Adjust/Transfer Monitor

>
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2,8 ELECTRONIC TECHNOLOGY

The present conceptual design of EOS incorporates conventional design techniques in most
areas. This was done to keep non-recurring costs as low as possible with state of the
art techniques being used only in areas dictated by size, weight, power, or functional
requirements, Two areas of design which are significantly i'nﬂuence.d by electronic tech-
nology are discussed below. Two others, the potential of CCD's for instrument detectors
(Report #1) and consideration of GaAs devices for direet high power level modulation

{Section 3, 4 of this report), have already been discussed elsewhere,

Command and Telemetry Remotes. The data bus can support up to 32 remote units, The

large number of these remotes and the fact that they consume volume, weight, and power
in each spacecraft module make it desirable to minimize their size, weight and power
requiréments. Reasonable size (40 in3) and weight (1.5 1bs) can be achieved with con-
ventional techniques, but minimum power requires use of more efficient design (power
strobing) and components (low power TTL, CMOS), In géneral, an order of magnitude
power savings can be achieved in using low power TTL vs. conventional TTL at a cost
increase of about 20%. CMOS offers about two orders of magnitude savings in power at
100% increase in cost. At present, low power A/D convertors do not appear to be available,
but could be in the time frame of EQS., Use of low power TTL or CMOS would require
some additional interface circuitry to provide adequate power to drive the data bus. CMOS
requires less power regulation and offers more noise immunity, but is more susceptable

to radiation levels above 10, 000 rads.

OBC Memory Design, The three basic memory technologies considered for the EOS are

plated wire, core, and semiconductor.

Both core and plated wire are non-volatile (i.e., retain contents during loss of power)
whereas the semiconductor memory is volatile. Plated wire memory consumes, in the
operating mode, significantly less power than core memory - approximately 5 watts vs.
35 watts for 4,096 words of i8 bits each. Also plated wire occupies less volume and

weighs less ~160 cubie inches and 4 Ibs vs. 128 cubic inches and 6 Ibs for the memory size
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cited above. The speed of these two memory types is essentially the same - about 750
microseconds access time and 2 microseconds cycle time. The reliability of plated wire
memory is considerably higher than that of core -~ a MTBF of 90, 000 hours vs. the MTBF
of 40, 000 hours. The above comparisons are based upon use of a 5 mil diameter plated
wire 2D stack and 20 mil diameter cores 2-1/2 D stack. It is evident from the above dis-
cussion that a plated wire memory approach is definitely superior to the core approach
from a performance standpoint. However, after years of experience in the experimental
development and production of plated wire memories, it appears that yield from this
technology is quite poor resulting in a much higher cost than that for core memories., The
cost per bit of plated wire memory is estimated at $0.50 as contrasted with $0.12 for core

memory.

For a spacecraft fabricated/assembled in the 1976-77 time frame and flown in the 1979
time frame, it is felt that semiconductor memory would be the most logical choice. Rapid
progress is being made in the development of LSI and hybrid ISI memories, particuarly
in theC-MOS area. C-MOS LSI circuits have already been space qualified and it appears
quite probable that within the next couple of years, memories comprised of C-MOS LSI
arrays will be cost competitive with core memories, A C-MOS LSI memory of the
capacity cited above would be approximately half the size and half the weight of a plated
wire memory. The operating power of a C-MOS LSI would be an order of magnitude lower
than the plated wire memory, permitting an inexpensive additional on-board power supply
to compensate for the volatibility of the semiconductor memory if, indeed, the volatibility
issue is an important one. (If the spacecraft power system fails, what benefit derives
from retaining the contents of the OBC memory? During a recovery procedure - imple-
mented either by ground commands or shuttle in-orbit maintenance - the semiconductor
memory could be reloaded. The access time of a semiconductor memory would be some-
what faster than that of a plated wire memory but the cycle time would be twice as fast.
The relig.bility of a semiconductor memory would be somewhat better than the plated

wire memory,
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2.9 ORBIT TIME OF DAY

The choice of orbit time of day affects both system costs and user satisfaction and benefit,
Involved in the choice are considerations of: (a) expected radiance levels; (b) expected
cloud cover and other atmospheric error-inducing phenomena; and (c) the utility of
measurements in each of the spectral regions (visible, near IR, thermal IR) at varying

times.

2,9.1 REQUIREMENTS

User Requirements., GE's TERSSE study results show that user needs for data which are

affected by orbit time of day may be classified into two categories: (2} no special time
requirement (the bulk of the users); or (b) specific time requirements. Of the latter,
greater than 50% require near-noon measurements, with the remainder being scattered
over predawn, mid-morning, mid-afternoon, and late evening. (It shoﬁld be noted that
some missions require measurements at muliiple times of day and are thus precluded

from being served by a single sun~synchronous satellite, )

Both the‘ users with no special time requirements and those requiring mid-day measure-

ments are best served by a near-noon orbit time.  Since these users together comprise
_nearly 75% of the total, and since no other single time of day can satisfy such a high

percentage of users, the conclusion is reached that a mid-day orbit is the best choice

from a user requirement standpoint.

Radiance Effects. The scene irradiance is dominated in the visible and near-IR spectral

regions by the solar illumination (which is a function of season, latitude, time of day) and
scene reflectivity. Sensor signal-to-noise performance, for a given cost, is a positive
function of scene irradiance. And, since nearly all user requirements are better satis-
fied with increasing signal-to-noise performance, sensor cost and scene irradiance levels
are tradeable parameters. On one hand the sensor S/N performance may be increased

by larger optics, higher guality detectors, or cooling; on the other hand, S/N performance
may be inci'eésed by an orbit with higher inherit scene irradiance (e.g., near mid-day). .
It is obvious that when scene radiance is considered in the absence of other relationships,

mid-day orbit times are desirable.
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A second radiance related effect is the “"hot spot", or secular component of refilected
sunlight, The hot spot location is such that it occurs “in the image quite frequently in a
mid—aay orbit. Since correction of the data to remove this effect is costly, if possible
at all, the effect should be pre-empted by offsetting the time of day to either side of noon

an appropriate amount depending on the swath-width.

Clouds/Haze. The intervening atmosphere presents an obstacle to mission fulfillment

which is only partially solvable by system design. In any real system, the clouds/haze
problem solution will be a statistical one, with probabilities of mission success weighed
against cost of alternative approaches and the probabilities of clouds/haze existence. The
latter probabilities are somewhat controllable by selection of the orbit time of day, as
most regions of the globe exhibit diurnal variations of clouds/haze conditions, Since the
previous discussion pointed to a desire for near-mid-day orbits, the clouds/haze variable

should be considered in the context of its altering of the mid-day choice.

No concrete indisputable answers exist concerning Macro and microscale meteorology.
It is fair to state, however, that forenoon clouds/haze are less debilitating than afternoon,
Thus, if the previous choice of mid-day is to be altered, it should be done in the direction

of earlier orbit times, rather than later.

In summary, the mid-day orbit is desirable from the standpoint of user satisfaction and
sensor 5/N performance., It should be offset to one éide or the other of mid-day to
reduce the costs of "hot spot'' processing and increase data utility. And finally, it should

be offset fo the forenoon side to increase the overall probability of cloud free imaging.

2,9.2 IMPACT ON SUBSYSTEMS

The impact of varying orbit time of day is summarized in Table 2-8. Note there are no
significant impacts over the range of orbits from 9:00 AM to 2:30 PM which bracket all
realistic times for the EOS-A Land Resource Management Mission. The primary impact
areas are in the instrument where sufficient input radiance is required to insure adequate

S/N performance.
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Table 2-8. Orbit Time of Day Cost Trades

8/S Area

Impact

Description

™

HRPI

Mechanical/
Thermal

ACS

Solar Array

Pneumatics/
Orbit Adjust

Signific ant

Significant

Minor

Minor

Minor

None

Higher sun angles, corresponding to sun synchronous orbits
nearer to noon, provide increasing scene radiance, hence
improved signal to noise performance, Cost of sensor per-
formance is directly related to orbit time of day with the
best performance at or near noon. Orbits very near noon
exhibit sun glint or '"hot spot' effects. This effect is a
function of orbit time of day and sensor field of view. For
orbit times of 11:30 and earlier, or 12:30 and later, it is

not a problem. From an instrument point of view 11:30 or
12:30 are preferred.

Similar to TM above.

The effect is twofold: the thermal dissipation of the space-
craft, and the mounting of instruments such that the coolers
do not view the sun. While both of these considerations have
minor impact on the detailed design of the spacecraft, they
have insignificant impact on cost,

Affected only in the area of star sensing. Star sensors are
disabled by sunlight and operate only beyond some minimum
angle from the sun. For sun synchronous orbits which main-
tain a fixed relationship with respect to the sun, a shield
about the star sensor will prevent the sun from entering. For
the range of times considered for EOS-A, sun shields are not
required since the sun never illuminates the exit port of the
star sensor,

For a given spacecraft energy power level, solar array area
is a function of orbit time of day. Ideally, the preferred orbit
time of day from a power standpoint is 6 AM permitting full
sun illumination and fixed solar arrays. Since this is not in
the realistic range of consideration for the EQS-A mission, it-
was not considered to be a fair reference point for cost trade,
Over the range of EOS-A orbit times from 9:00 AM to 2:30 PM.
the array cost varies by only 48K. The cost penalty for an
11:30 AM orbit is minor.




2.9.3 CONCLUSION

The preferred orbit time of day is near but prior to noon with 11:30 AM the recommended

time.

2.10 MANAGEMENT APPROACH
The study has shown that specific cost trades of Management Approaches against the

various areas indicated in the cost trade matrix of the RFP could not be made in the
strict sense. These management functions are non-allocable cost areas since at the level
these functions are performed, 'any allocation of cost or cost deltas to hardware compo-
nents or other éystem elements would be strictly arbitrary and could not be justified as

a fair and applicable cost. Therefore, cost deltas for one approach versus another in any
of these functional areas could not be allocated for cost trade purposes against hardware

components.,

The Low Cost Management Approaches presented in Report #4 are nevertheless aimed
at achieving minimum overall program cost. That it is difficult to quanfiy their cost

impact does not diminish their importance.

2,11 TEST PHILOSOPHY

The unique aspects of the EOS design approach have been thoroughly studied and compared
to programs now in progress or recently completed. This study led to a viable test philo~
sophy and program that could be effectively implemented in two steps. The first step
moves from the present approach to the EOS-A prograni and the second step carries the
cost reduction techniques even further for additional savings in the follow~on spacecraft

test programs. (Refer to Report #4 for a discussion of this test program approach),

Prime considerations were given to the effects of multiple missions utilizing identical
spacecraft bus hardware, fully modular design, on-orbit repair by replacing subsystem
modules, o_n-boa.rd computer utilization for test and trouble-shooting, and reducing the
effort expended on various spacecraft models as the overall program progresses through

several spacecraft,

2-22



Figure 2-1 shows a summary test flow of the recommended approach compared with a
"business as usual" approach. Table 2-9 shows the degree of tests performed in each
area, including spacecraft models considered for each test program. A summary of the
.comparative costs are provided in Table 2-10. This clearly shows the net reduction
in total test costs as the program progresses. This is primarily achieved by the reduc-
tion of required test models and the reduction of large test crews required for long, full
system level test programs. Thesé costs do not consider the impact of reduced hardware,
Onl.y- one full set of prime spacecraft hardware (plus désired épares) is required for the
recommended deveiopment and flight program for either A or A'. Nearly two sets are
required for the "business as usual" approach,

‘ )
Since the EOS program will be a multiple vehicle program utilizing the same basic sub-
system modules and structure for each spacecraft, it is uniquely suited for such an approach.

‘The subsystem modular concept also lends itself to this philosophy. Subsystem environ-

Table 2-9. Test Program

Business A& Usual Low Cost Approach
Typleal 5/C EOQS-A Follow-Oe EQS
870 pladels
Thermal . Tes Ho No
Sl Yes Yeu AE Required
Antenna N Yes As Required As Reguircd
Narness M/U Yos Yes A= Reguired
Uempanent
Qualification
Elec. Perl, Yes ves No
Machanicnl Yes Partial Mo
Enmvironmenlal Yos Partial Mo
Flight
Elec. Perf, Yes Yestt Yes
Mochanical Ven Partial Partial
- Eavirenmental Yes Fartf{al Partial N
Subsystem or Module
Qualification
y Elec. Pert, No es Ho
Mochanical No Yes No
Euvlrenmental No Yes Mo
Flight
Elcc. Peril Yes No* Ve
Mechanical No No* Yes
Eoviremmental Mo No* Ve
.
System
Bit . No Yes AS Requlred
DPrototype $7C Yes o . Nn
Proto-1rlight .
Elee. Perf. HNo Yes - No
Mechanical No Yirs No
Environmental Mo Yes o
Flight
Elew. Perl. Yes No* Yes
Machanieal Yes No* Yes
Environmeantal Y No* No

* Qual unit(s)/Subsystem(s) used for Might
** Additional unit(s) needed where qual units neé available
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Figure 2-1, Summary Test Flow



Table 2-10. Estimated Test Costs

Low Cost Approach
Business as Usual EQOS-A Follow-On EQS
S/C Models $980K (24%) $510K (19%) $180K (15%)
Component - $920K (23%) $430K (16%) $430K (35%)
Subsystem or Module $ 72K ( 2%) $144K (5%) | $144K (12%)
. System $2100K (51%) $1550K (60%) $460K (38%)
Totals $4072K $2634K $1214K

Cost Savings | I‘——l438K —*—1420K—-.|
}4 7 2858 K—— »l

(Numbers in parenthesis = percentage of total test cost.)

mental testing at the module level can be made as fully stringent and realistic as at the
spacecraft level. Further, any subsequent module replacement due to malfunction or
failure during systems testing can be made with minimum impact on the spacecraft test

program because environmental testing has already taken place.

2,12 RELIABILITY AND QUALITY ASSURANCE REQUIREMENTS

The cost trades in this section are related entirely to the cost of redundancy for relia-
bility. Quality Assurance is a non-allocable cost, hence viable cost trade data would be

rather artificial and difficult to substantiate.

Two aspects of redundancy were considered: (1) redundancy necessary to assure reliable
operation of the spacecraft such that no single failure would impare full mission success;
and (2) redundancjr necessary to survive any single failure for subsequent Shuttle servicing/

retrieval. The latter approach has been provided in the spacecraft basic design,
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The cost and justification of this level of redundancy is summarized in Table 2-11. The
table shows the redundancy approach costs nearly 3/4 of a million if the selected mission

peculiar redundancy is included.

Additional details on each of redundancy cost trades may be found in the applicable sections

of this report.

2.13  COMMONALITY POTENTIAL

A basic objective of the EOS Study is to provide a design for a general parpose spacecraft
with sufficient flexibility to accommodate the EOS-A mission requirements as well as a
number of follow-on mission payloads. The general approach during the study was to
establish the driving requirements for each subsystem and to provide a design for those
subsystems which could indeed allow them to be utilized for various missions. Each sub-
system was investigated in Section 3 of this report, In addition, Section 2.15, "Follow-0a
Instrument Accommodation" has been generalized to include commonality effects and the
cost impact of a general purpose spacecraft are summarized therein., This section will
surmmarize the overall results of these individual studies in terms of providing a listing of
the common hardware items and the number of units to permit a "low cost' multiple

buy approach. It is predicated upon the original mission model,

2.13.1 MISSION MODEL

The miséion model used in the study is presented below:

76 77 78 79 80 81 . 82
. ‘IQ—‘ EQIEQ[dQ 1Q 1 ZQIS_Q[ 43 \Q' ZQ‘SE[AG \QJ 2Q|3Q | 4Q11Q |2Ql30 | 40y 1QI2Q|30| 40 IQI aaisg[aa 1Q
EQS—A
LAUNCH
EQS—E V
. LAUNCH
EQS—C V
LAUNCH
SHUTTLE TEST FLIGHT A v
LAUNCH
SEOS LAUNCH
SOLAR MAX,
LAUNCH
SEASAT
A LAUNCH B LLAUNCH
S—BAND MSS
LAUNCH
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Table 2-11. Reliability/Redundancy Cost Tradeoffs

SUBSYSTEM

REASON

DESTGW/COST IMPACT

COMMENTS

Command & Data Handling

Command Link

Data Busses & Remotes

On-Beard Computer

Propulsion

Main Engine

Mechanisms

Solar Array Drive

MSS-Tape Recorders

Attitude Contrel
Subsystem

Gyros

Wide Band Data Hardling

Config. #1

Config. #2

Config. #3
(Recommended)

Config. #4

Config. #5

Transponder, command demod., centrai
command deceodar and clock-redundant

link assures command capability for

retrieval. )

Required for partylime techrnique.
Also used with redundant command link.

Redundant C?U-reliabilicy of operations,

data handling

Redundant mzin engine-required for’
orbit traznsfer.

Redundant motors and geax trafr-risk
would be unreasonably high not to be
redundant.

Redundant tape recorders-operational
1ife of recorder is less than planned
nission life.

Even though lang life components are
used, a redundant gyro is recommended.

Hao redundancy
Switching so eithet modulator can use
either link but no modular backup,

Switching te allow simultanecus cross
link operation. -

Add 3rd TWT to backup either TWI failure

Adds redupdant modulators to
Configuration #4,

i
;
1
!
1
i
i
i
!
!
;

Minimum of 3 watts, 27 pounds,

and $170K recurring cost.

See Above

4 ibs, 5 watts & $60K

3308

§aX

$410K

$50K

45,5 watts
45.5 watts & $15K
45,5 watks & $22K

60.8 watts & $137K

75.9 wates & $22ZK

The alternarive is a fully redundant C&DH
with impact of 6 watts, 97 pounds, and
4$595K recurring cost.

>

Redundancy is highly recommended since CPY
vital to all mission operations.

No redundant engine would require shuttle
retrieve at mission altitude in event of
engine failure; a significant cost.

Past history supports recommendation for
redundancy . ’

Required to demonstrate tape tecorder life
equivalent to mission tife. Although net

required for "minimm'" redundancy approach,
it is recommended,. -

No redundancy resulting in slow ground
station "handover" with no backup modes,

A time shared backup 1s svailable in the
event of a gimbal or TWT failure.

This configuration trades ag best compromise
between none and total redundancy.

Backs up TWI failure in either link.

Provides a fully redundant system.



It is reascnable to assume the purchase or manufacture of five complete sets of flight
hardware to benefit from the cost savings of multiple purchase. The general purpose
spacecraft as presently conceived could support the first five missions shown on the
model: 5 Band MSS, Seasat A, Solar Maximum, EOS-A and the Seasat B mission. A
sixth set of hardware (one of each type) would serve all prégrams as spares. The number

of components involved in this multiple buy are shown in Table 2~-12,

Table 2-12, General Purpose Spacecraft Components Required to
Support 5 Missions

QTY ’ TOTAL
PER MO,
8/C REQUIRED SHELF LIFE REMARKS
ACS MODULE
Backup Controller 1 & TBD
Mag. Compensator 3 16
Mag. Control 1 6
Momentum Wheel 3 16
Electronics, Wheel 1 &
Star Tracker L 6
IRU Platfarm L 6 Includes intevnal redundancy
Solar Aspect Sengors [ 31
Magnetometer 1 6
© POQWER MODULE
Central Control Unit 1 6
Power Regulation Pnit 3 pE:]
Power Central Unic 1 6 .
Battery i 18
5/C Interface Assy 1 -]
Test Connector Assy 1 &
Solat Array 1 [}
C&DH MODULE
8-Band Transponder 1 6 Internally radundanc
Mod /Demodulator 1 b Demod incernally redundant
fontrol Command Decoder 1 6 Internally redundant
Format Generator 1 3
Clock 1 6 Internally redundant
Remote Deceder/Mux 18 51
5-Band Antenna 1 ]
On-Board Processor (less memory) 1 3 Internally redundant
Memory Modules {5/C) 5 26
STRUCTURE
Transition Frame 1 3] >10 years
Stru. ACS Mad. 1 6 >10 years
Stru. Power Mod. 1 & »10 years
Stru. C&DH Mod. i [ »10 years
Stru. Basic §/C 1 ) >10 years
THERMAL CONTROL
Blankets Ins. 1 & >10 years
Thermal Coating 1 ] >10 years
Ycatera 1 ] >10 years
ELECTRICAL, DISTRIBUTION
Wire ACS S/8 1 [ >10 years
Wite Power S/8 1 & >10 years
fade 1 &
Wire Spacecraft 1 & >10 years
Wire C&DH §/8 1 -] >10 vears
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2.13.2 SHELF LIFE

Shelf life of the hardware as shown in the table indicates that hardware manufactured in
1975 would be considered to be reliable for a 1979 launch and a two-year orbit life, pro~
viding that certain storage conditions and exercise of selected components is conducted

on a regulaﬂy—scheduled basis. Studies conducted on other programs indicate that if the
spacecraft is stored in a clean, dry (60% RH or less) non-magnetic and non-UV environ-
ment that‘there should be no storage problems. Some components require special storage
techniques such as:

o Batteries should be enclosed in plastic bags and packed with dessicant bags.

After packaging, modules are to be stored at a temperature of 5 + 5° C (41 + g° )
in a refrigerator or ffeezer. Periodic testing should be conducted.

o C&DH components should be stored in an environment in which the magnetic field
is less than 50 gauss. Periodic tests should be conducted.

o ACS gyros must be stored with the spin axis horizontal. Many oils and greases
will tend to creep in stationary bearings., Provision should be made for ﬁeriodic
exercise of such bearings,

o Other aspects of storage that must be considered are such items as cold flow or
permanent deformation of rubber, elasi:omeric or plastic materials under mech-
anical stress, oxidation or ozonation, and UV light discoloration of coatings,
However, with proper procedures and replacement of specific parts, shelf life

of hardware can be increased considerably.

In summary, the approach to low cost hardware commonality on the EOS Program con-
sists of the following:
© Recommendation of multiple buys of hardware with a minimum purchase of sets
for at least five spacecraft plus spares.
o Design of a general purpose spacecraft to use the same hardware to perform multi-
mission requirements,
o Shelf life of 5 years for spacecraft hardware does not appear to be a problem based
updn previous studies conducted. It is recommended that certain storage environ-
ments be provided, and that selected components be exercised and retrofiﬂ:éd as

required,
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2,14 INTERNATIONAL DATA ACQUISITION
2.14.1 ALTERNATE METHODS
The value to the U.S. of data gathered outside the boundaries of the U.S. is largely a

function of the particular Earth resources mission application under consideration. Global
crop inventories or ocean/meteorological missions demand such data and the dollar value
associated with gathering global data must ultimately be traded against the predicted value

or return expected from such world~-wide applications.

The decision is also largely political, i.e., does the U.S, want to provide (and pay for)
the capability to supply data to other nations. The precedent has already been set with
EBTS and considering the support and investment made by other nations such as Canada,
Brazil, Italy, and soon Iran, Venezuela, Japan and others, it is rather clear that inter-
hational data will continue to be provided for both future operational and R&D Earth

resources missions.

The question to be considered then is what is the most cost-effective way to provide this
data. Three viable methods exist:

1. Realtime Data Only - no international data acquisition by the U.S. Foreign
users get their data via their own ground stations; U.S. provides satellite
capabilitly to support multiple international stations.

2. WBVTR - international data acquisition hy the U.S. for U.8. users/applications
only. Also provides the capability to acquire limited international data where no
ground station exists. Foreign users get their data via their own ground stations
in realtime. .

3. Use TDRSS - essentially the same capability as (2) above, but TDRSS provides

nearly unlimited capability to acquire international data.

2.14.2 COST TRADEOFFS
The three alternate methods have several cost impacts in both the spacecraft and ground
portions of the EOS system. The significance of the cost trade areas and their impact are

identified in Table 2-13, The cost trades clearly show a major increase in total system
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costs to add WBVTR or TDRSS capability. Estimates of recurring costs range from
12.1M to 12, TM for the WBVTR capability vs. 13.6M for the TDRSS capability.

The decision to implement the additional capability to process international data then
depends strictly on the relative value of the international data in the performance of

resource management tagks.

2.15 FOLLOW-ON INSTRUMENT ACCOMMODATION

The EOS-A spacecraft concept, developed by GSFC and optimized by GE during this
study, has the capability to support many other types of Earth orbiting missions. These
missions range from sun synchronous, similar to the EOS-A mission, to non sun-synchro-

nous such as Solar Maximum and Seasat, to geo-synchronous typified by SEOS,

The spacecraft consists of a set of general purpose modules, including ACS, Power, C&DH
and propulsion, which can be grouped around a structure compatible with Delta, Titan or
Shuttle launch vehicles. Together, this grouping is a general purpose spacecraft capable

of supporting mulfiple missions.

The multi-mission capability does not just fall out of the basic EOS-A mission, however;
it is the result of careful design and tradeoffs both within the general purpose modules and
at the systems level to insure that the EOS-A mission can be satisfied and follow-on

missions can be supported at minimum overall program cost.

Many of the subsystem designs are directly driven by EOS-A requirements; i.e., the basic
design that satisfies EOS-A will satisfy all other identified missions, In these cases,
there is no cost impact to support follow-on missions. In selected areas, the basic space-
craft design is impacted by follow-on instruments or alternate missions. These are
summarized in Table 2-14, along with the approach to accommodate each impact and the

resulting costs.
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Table 2-14, Follow-On Instrument Accommodation

S/S Area

Impact

Me ch/ Thermal
(Subsystem Section Only)

Solar Maximum Mission using EOS-A coatings will result in too low temperatures in the
general purpose modules, Requires more costly coating on propulsion module but less
costly coating on C&DH, ACS and Power modules, Total cost delta from EOS-A is
negligible,

Seasat -A has wide Betfa angle range and requires change in coatings on ACS and Power
modules. Cost increase over EOS-A results, Thermal control cost to accommodate
Seasat mission is $4, 1K for ACS module and $ 78K for power module,

SEOS, due to its long daylight and darkness periods, has significantly different thermal
control problems, Thermal control cost to accommodate this mission is a delta increase

of 510K,

Coatings must be changed on a per flight basis for these other missions.

ACS =

SEQOS Mission has low orbital rate requiring additional star sensor to increése the
frequency of star updates, Cost increase to perform this mission over EOS-A is $ 90K,

Recommend mission unique modifications to basic EOS-A design to perform this mission,

SAR Mission represents maximum load demand on the power subsystem., Additional
hardware consisting of two batteries, two power regular units and a larger solar array
are required, Batteries and regulators are modular increases to the power S/S and
increase its cost by $140K for the SAR mission only, Sclar array is mission unique
hardware.

C&DH

NONE

OBC S/W

Solar Maximum Mission requires minor modifications to the ACS processing software,
Cost to modify is $ 5K. Recommend this to be a one-time mod for this flight,




Follow~-on mission support has been evaluated only where the impact involves the general
purpose portion of the spdcecraﬁ. Since the instrument portion of the spacecraft is mission
unique, and the related equipment is generally not intended to serve multiple missions, its

costs were not evaluated.

2,16 SYSTEM REQUIREMENTS ALLOCATION
2.16.1 REQUIREMENTS AND APPROACH

The EOS-A Land Resources Management mission will utilize instruments which sense

signature data in the spectral, spatial and temporal distinguishing characteristic subclasses.
In order that tﬁe utility of this data to the user be maintained at a high level, it is necessary
that an overall system design philosophy be utilized which minimizes the discrepancies
between the actually sensed distinguishing characteristics and the "approximate' charac-

teristics represented in the EOS output data,

The purpose of the system performance analysis task is to develop an overall system con-
cept to meet the specified sygtem performance requirements which, in turn, insure out-
put datz quality. Performance tradeoffs are made between various elements of the total
system (e.g., sensors, platforms, ground processing) which allow an "optimum system
design" to achieve the desired performance at 2 minimum cost/risk. The task is broken

down into three parts:

I. Specification of a complete and realistic set of baseline system requirements
which are consistent with ultimate data utilization, |

2. Design of the total system to achieve those system requirements

3. Derivation of subsystem performance allocations which optimize the system con-
figuration in regards to minimizing total cost and risk in achieving the

desired system performance,

2.16.2 SYSTEM REQUIREMENTS
In order to make tradeoffs between the various elements of the EOS-A system, it is
necessary to first establish which parameters of the system affect the desired distin-

guishing characteristics of the collected data. The selected system performance para-
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meters and their relationship to data utilization requirements (via the distinguishing charac-
teristics) are illustrated in Table 2-15. These performance parameters provide a continuous
thread through the entire EOS system and create a sound basis for optimization of system
performance., ‘The impact of these parameters on the various system elements is shown in
Table 2-16.

Table 2-15. Impact of System Performance Parameters on Distinghishing
Characteristics

Distinguishing Characteristics of Data

System Performance

Parameter Spatial ) Spectral Temporal
Geometric o Band-to-Band 0 Band-to-Band o Internal Distor-
Mapping registration registration tion

o Sensor-to-Sensor o Sensor-to-Sensor o Position Accuracy
registration registration
0 Position Accuracy o Position Accuracy
0 Internal Distor- o Internal Distor-
tion ' tion
Radiometric 0 Band-to-Band radio- | o Radiometric o Radiometric
Mapping metric accuracy Striping Striping
o Sensor-to-Sensor o Radiometric
radiometric accuracy Stability

o Radiometric Striping
0 Absolute accuracy

Dynamic o Radiance estimation | o Boundary location 0 Radiance estima-
Response o Boundary location o Threshold size tion
o Threshold size o Resolution 0 Boundary location
o0 Threshold radiance o Threshold size
o Threshold
radiance

These performance parameters have been grouped into three categories: geometric mapping,
radiometric mapping, and dynamic response. Geometric and radiometric mapping para-
meters are the standard large area, low frequency error sources which have been con-
sidered in previous earth resource data collection Syétems (e.g., ERTS). However, since
the baseline system performance requirements are considerably more stringent for EOS

than for previous systems, é.dditiona.l dynamic, or high frequency, error sources must

be considered to evaluate system performance and specify subsystem performance

allocation budgets.
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Geometric Mapping Accuracy. The key requirement of an automatic multidimensional

analysis system using EOS data is the availability of a set of congruent measurements for
each resolution element in the output data (e.g., Band-to-Band per sensor as well as TM
visible to TM Thermal to HRPI visible). Multiple measurements from each image res'olu—
tion element on the ground offer a means of improving the recognition accuracy of scene |
properties. Measurements of reﬂectaﬂce and radiance from microwave, thermal and
reflective infrared, through the visible wavelengths and into the ultraviolet region derived
from non-EOS sources can also be utilized for analysis of each image point if congruence

of these measurements can be achieved.

The necessity for geometric correction is generated primarily due to uncertainty in plat-
form position and motion (ephemeris, attitude and attitude rates, structural deformations),
sensor induced distortions (aberrations, boresighting, scan non-linearities), and geometry
of the imaging process (earth rotation and curvature, terrain elevation, viewing perspec-

tive).

The baseline geometric mapping specifications for EOS-A digital data consider low fre-
quency, nhon-scene dépendent errors, that would occur in a noise-free system. These
have been expanded to include requirements for along track internal distortion, sensor-
to-sensor registration, and geometric mapping accuracy requirements for local user

station data.

Radiometric Mapping Accuracy. Accurate radiometry is needed to allow identification

and classification of materials on the surface of the earth based on their spectral reflec-
tance characteristics. Radiance incident on the input aperture of the EOS sensors is not
directly proportional to the reflectance of the material in the IFOV due to the effects of

the viewing and illumination geometry (seasonal changes, illumination angle, terrain relief)
and the atmosphere (scattering attenuation, view angle, path luminance). In addition,

the collection system (e.g., instruments, digitizer) further degrades the fidelity of the
received r'adiance._ .Therefore, a radiometric correction function must necessarily be
performed if the quantum level associated with an IFOV area on the ground is to be pro-

porticnal to its actual spectral reflectance.
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The baseline radiometric mapping specification for all processing facilities (central data
processing as well as local user stations) has been developed and expanded in several
‘areas in an attempt to improve the utility of the data for the user. For example, the
bandiﬁg accuracy requirement is specified as a function of received radiance. This is
to minimize the impact of banding on degradation of material radiance histograms at the

low end of the radiance scale.

Dynamic Response. Because the geometric and radiometric mapping accuracy require-

ments are very stringent for the EOS-A mission the dynamic performance of the system
must be considered in determining over-all quality of the output data, Whereas, geometric
and radiometric accuracies are based on the input to output mapping of slowly varying
radiometric and geometric errors, the errors introduced due to the dynamic performance:
"requirements' have not been specified but rather used as a guide in determining data
utility, optimizing system design (sensor, C&DH) and determining the validity of the geo-
metric and radiometric mapping accuracy requirements, The four dynamic performance

descriptors which have been used are shown in Table 2-17.

2.16.3 COST/PERFORMANCE TRADE-OFFS
The initial performance analysis and error budgets used reasonable judgement as to what
was achievable in each subsystem area. As the various subsystem areas evaluated the
impact of achieving their requirements all of the cost data and risk factors were
reviewed and reallocations made if necessary. However, four system tradeoff areas
involved major costs/risks which were not resolved by cost/performance reallocations
among the subsystems. These areas are:

o  Positional accuracy with GCP's

® Wideband data rate

® Ephemeris accuracy

® ACS performance vs. ground control

The costs/risk impact is described briefly along with "at this point in time" conclusions

regarding their disposition.
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© Table 2-17. Dynamic Performance Descriptors

Dynamic Performance

samples /IFOV and bits /sample.

Parameter Description Example
Radiance o The error in determining the value of
Estimation the radiance of an area above thres- B
Error hold size. E P
o Directly proportional to sysiem noise PSD E
o Inversely proportional to bits/sample. TIME
Boundary o The error in determining the location of a
Location step change between constant radiance ‘
Estimation Error areas. E_‘,’r___[—'—
o Directly proportional to system noise PSD E 3
o Inversely proportional to system MTF, E'—"

Threshold
Size

o The smallest dimension object for which
the functions defined above hold (e, g.,
the resolution cell size).

o Inversely proportional to the system MTF
and samples/IFOV.

RADIANCE

Threshold
Radiance

o The smallest radiance change which can
be detected

0 Directly proportional to system MTT,
noise PSD and samples/IFOV

o Inversely proportional to bits/sample

RADIANCE

TIME

Pogitional Accuracy with GCP's, The requirement in the NASA Specification for positional

accuracy utilizing ground control was + 15 meters., This is interpreted as the RMS of the
residual errors resulting from location measurements for a large number of points in the
data with respect to a given reference (e.g., UTM projection, etc.). There are many

sources of error which degrade-the position accuracy of the data as shown in Table 2-18.

The limitations imposed on remaining errors due to many of these sources is strictly a
function of how accurately the ground processing system calculates and implements the
correction function. Examples of this type of error source are earth curvature, earth
rotation and projection. The inaccuracies due to other sources is a function of how

accurately pre-launch calibration and testing measurements are performed such as

2-39



optical disfortion effects, detector location uncertainties, and alignment offsets. The
effects of the remainder of the error sources must be removed by information derived
from ground control point location data, The subsystem performance allocations have

been formatted to achieve this with a minimum system cost impact.

Table 2-18. Sources of Geometric Position Mapping Error

Mapping Error Sources Dynamic Error Sources
Sensor Noise
Scan Stability
Optical Distortion Sampling
Detector Configuration
Platform MTF
A/C Subsystem Quantization

Structural Stability

Clock

Ephemeris
Digitizer

Timing
External

Projection

Curved Earth

Earth Rotation
Terrain Relief

Ground System
Computational Accuracy
Modeling Technigque
GCP Location Error

However, there are some error sources for which ground control data is not sufficient
and, therefore, must be removed in some other manner. For example, terrain relief
represents a random error whose error effect varies with position in the field of view of
the instrument and can only be removed using a terrain relief model. The errors due to
the dynamic response of the system (noise, sampling, quantization, spread function) are

completely random and can never be removed.
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Table 2-19 categorizes the various sources of errors that contribute to the resulting RMS

measured positional accuracy and shows the anticipated contribution of each.

Table 2-19. Major Contributors to Total System Positional Error

Range Normal

GCP Location Error 6-10m 8m
Correlation Error . 8-15m 12m
' Terrain Relief 5-15m 10m
Ground System Error Correction 8-12m 10m
Dynamic 'Response (AR=10%) 10-20m 15m.
Measurement 10-15m 13m

Total RMS (lo) 20-37m 29m

Two points are made by this table. First, overall mapping accuracy of the system will
not be better than about one pixel, Second, imprdving (decreasing) the ground system
error correction allocation will increase ground system cost without making any

measurable improvement in total system mapping accuracy.

Wideband Data Rate. The information data rate has a large cost impaét on several ele-

ments of the system such as the instruments, MOMS, the wideband communication modules,
and the ground system. The effect of sampling and digitizing the analog signal out of

the instruments was examined in order to define the optimal infermation data rate to allow
a performance/cost trade between the configuration of these subsystems. The system

dynamic performance parameters were used as the masure of overall data quality.

It was necessary to determine the allocation of bits/sample and samples/IFOV which
optimizes performance as a function of total bit‘rate. For each practical combination of
guantization level and number of samples/IFOV, the respective ratios of digital record
error to analog signal error were multiplied to yield a combined '"penalty factor" for that
particular sampling strategy. Penalty factor was plotted vs. number of samples /IFOV to

yield a family of curves, each curve corresponding to a particular number of quantization
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bits for each candidate sensor and band. Moreover, since a given number of samples/
IFOV and number of bits/sample corresponds to a given total bit rate, curves of constant
bit rate were drawn on the same axes. The optimum sampling strategy for a given bit
rate is the point which minimizes the pené.lty factor within the bounds of that particular

total bit rate curve,

An example of the results of the edge estimation analyses is shown in Figure 2-2 for Band
1 of the Hughes Thematic Mapper. This shows that a higher information data rate does
indeed improve performance. For example, if 200 mbps were available, an over-
sampling of 1. 55:1 and a quantization of 10 bits would optimize the system performance
with a penalty of about 1% compared to 2:1 over-sampling and infinite quantization,
However, for this particular case the improvement in performance over this optimum

for a 100 mbps band limitation (9 bits and 1, 16:1 over-sampling) is only about 4%.

The penalty due to 1:1 sampling and that quantization is about 18% poorer performance in
edge estimation for this particular case. 18% corresponds to approximately 3 meters

in resolution performance.

1.5
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(=] 0/
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SAMPLES /| IFQV

Figure 2-2, Examples of Fdge Estimation Analysis Results
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As a result of this type of analysis for all spectral bands, the recommended sampling/ITFOV
for both TM and HRPI is 1:1 and the recommended quantization level is 7 bits for both

instruments.

Ephemeris Accuracy. A major uncertainty in determining the allocation of errors to sub-

systems was the characteristics of ephemeris position and velocity errors for EOS, This
impacts the number of ground control points necessary to correct for high frequency
Iephe'meris errors and reduces the requirements on other subsystems. Two bounds were
assumed on ephemeris knowledge error as shown in Figure 2-3. The most stringent ephe-
meris requirefment corresponds to the case where two ground control points, one at either
‘end of the swath, are sufficient to correct for ephemeris. The corresponding ephemeris
velocity error is 0.0l meter/second over a 20 minute period. The least stringent require~
ment corresponds to the case where 10 groﬁnd control points are spaced a;iproximately
equal intervals over a 20 minute swath, This corresponds to velocity error of about

0.05 meters/second,

1000

INTRACK,/
CROSSTRACK

100 | /

/!

ALTITUDE

10 GCP's

AMPLITUDE —-— METERS
=3
T

10 10 1078 1072 107! 0
FREQUENCY — RAD/SEC

Figure 2-3. Best Fit Ephemeris Accuracy Requirements
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Currently, estimates of the accuracy of the ephemeris data are unavailable, It is possible
that when they are, they may fall outside the bounds discussed above. This could cause a

major change in the data processing concepts being used.

Attitude Contr‘ol Subsystem. The spacecraft attitude pitch, roll and yaw measurement

accuracy requirements (knowledge with respect to inertial reference) are shown in ampli-
tude vs. frequeilcy plots in Figure 2-4. For pitch and roll the position requirements

(0. 0080’) are independent of the number of GCP's since it is determined by the + 170 meter
accuracy requirement without ground control. The low frequency yaw attitude require-
ment is more stringent than pitch and roll because it is determined by the along track
linearity specification. This system requirement is based on the necesgity to reduce
initial distortions in data not resampled in y. The high frequency magnitudes are suffi-
ciently small to not require correction and are therefore also independent of the number
of GCP's, The middie frequency components of the pitch and roll rate error (10_1 to 10%L
rad/sec) are those that must be modeled using GCP information and are therefore depen-

dent on their number. The allowable error bounds are shown for both 2 and 10 GCP's

per 20 minute swath,

10 GCP'S

. OYAW
-—-"—'——-—-—J—-—-——

2 GCP'S

AMPUITUDE — DEGREES

PITCH AND ROLL

5 o 10? 1072 16! 10?

FREQUENCY — RAD‘SEC

Figure 2-4, Spacecraft ACS Measurement Requirements
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Figure 2-6. ACS Nadir Pointing Requirements
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The impact of ephemeris on the number of GCP's and the relationship to ACS performance
is shown in Figure 2-5. The spacecraft attitude pitch, roll and yaw control accuracy
requirements (control with respect to spacecraft nadir line) are shown in Figure 2-6.
Again, the more stringént yaw requirements are due to the along track linearity require-
ment for unresampled data., The major contributor to the low frequency position error

is the ephemeris position error.

The cost delta to achieve the positional accuracy with ground control iz shown in Figure
2-7 as a function of the ACS rate accuracy under the following assumptions:
Cost per GCP - $100

- Storage
- Definition
- Computation

Number of areas required X4
to be archived per GCP

Number of Swaths 25

2.1" SPACECRAFT VERSUS GROUND FUNCTIONS

There are several image processing functions
which can be performed on-hoard the space~
craft by using the OBC and software to con-
trol the instruments (e.g., scan rate and pro- —
file), the wideband dafa handling module
(e.g., sampling rate), and the attitude con-

trol module (rate profile control). The

implementation of these functions in the

ACS RATE ACCURACY (°. SEC)
=)
T
~

spacecraft eliminates the need to duplicate

the hardware, software, and operations

—G

necessary to complete them on the ground at

both a central data processing facility and L L ' '

a 400 209 1200 1600 200

at many low cost readout stations. Therefore, SYSTEM COST IMPACT (8 X [000)
these functions provide the basis for an on- Figure 2-7. Cost Enpact of ACS

board vs. ground image processing cost tradeoff, Rate Accuracy
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Table 2-20 contains a listing of these processing functions along with a brief description
of the impact of the various spacecraft subsystems and ground processing facilities
involved in the cost trades. Techniques were synthesized and costed for performing these
functions in the low cost readout station, the central data propessing facility, and on-
board the spacecfaft. These costs, both recurring and non-recurring, are shown in
Table 2-21, with differentiation made for thé line scanning (both Thematic Mapper and
scanning HRPI) and linear array types of instruments, Spacecraft costs were determined
for the cases of: (1) correcting all the data from the instrument; or (2) only correcting
the compacted data sent to the LCRS. These costs represent total effort .required to
perform that function including system requirements definition and analysis, algorithm
and software development, subsystem interface hardware, and potential processor impact
data. There are several independent parameters which effect the cost trade results,
the major ones being:

o Function type

o Instrument type

o Number of low cost readout stations

o Number of central data proceséing facilities

o Number of missions

The trades were performed individually for each function and instrument type assuming
there will be one CDP facility and leaving the number of LCR stations and missions as

variables.

Figures 2-8 thru 2-14 depict the total system costs (both spacecraft and ground) to correct
the data as a function of the number of missions and LCR stations for the following cases:

o All processing performed on the ground so that the total system cost is heavily
dependent on the number of LCR stations.

0o Only data sent to the LCRS is corrected on the spacecraft, Therefore, the cost
of correction in the CDP facility is a factor but since only one was assumed as
béseline, the costs are independent of the number of LCRS '

o All data is corrected on the spacecraft making the system costs dependent oniy
on the number of missions.,
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Table 2-21. On-Board and Ground Image Prqcéssing Costs

ON-BOARD PROCESSING COSTS

GROUND PROCESSING COST.

FUNCTION INSTRUMENT TYYE REMARKS
ALL DATA LCRS DATA,ONLY LCRS ﬁ_ﬁEAP P
LINEARLITY Line Scanner MOMS 1 NR 300K MOMS 2 NR 210K NR 75K NR 73K & Assumes conilcal scan corrected only
R 200K R BOK R 25K R 380K aleng neminal scan are.
# Only an X correction is reguired
OBC: NR 50K CRC: NRE 40K ¢ Correction applied by varlable
R 10K R 3K sanpling rate for all data case
& T and Scanning HRPT use same
| circuitry in WBDH module.
Linear Array MOMS & NR 500K MOMS NR 290K NR 110K NR 100K ® Both a2n X and Y correction to
R 400K : R 140K R 35K R 100X achicve lincarity requirement.
OBG: NR BOK ORC: NR 80K
R 25K R 10K
F.____J_
BAND~TC-BAND Line Scanner MOMS: NR 120K MOMS WR 70K NR 10K KR 30K e Instrument baseline desipgns provide
R 150K R 20K R 5K R 20K integral pixel offsets in TM and
REGISTRATION scanning HRPT .
e Conical scan increases cost in-LCRS
and CDP by 100% & on-besrd by 30%, .
® Linear array is band-to-band
registered
ADIOMETRIC Line Scanner MOMS 3 NR 390K MOMS ¢ NR 310K NR 60K NR 90K & Not valid for CCD HRPL approach.
) R 250K R 150K R 15K R 50K e Assumes twe peint calibration data
CORBECT ION supplied by internal lamp
CRC: NR 70K 0BC: WNR 70K
R 45K R 35K
Linear Artay MOMS HE 300K MOMS ¢ WR 450K NR 100K NR 120K eNot practical for on-board function
R 550K R 300K R 35K R 100K due to signiflcant weight & power
’ impact.
0BC: NR I10K URC: NR 100K
L R__45K
ANNOTATION OF DATA Line Scanner MOMS NR 180K MOMS ; HR 150K WR 50K NRE BOK #Apsumes scanner and array data are
and Linear Array R 50K R 35K R 10K R 23K formatted similarly in WEDH module.
QBC: NE 100K OBC: NR BOK
' . R 50% R 25K -
ANCILLARY CORRECTION Line Scamnet MOMS : NR 120K | MOMS: KR 100K NR 208 WR 50K » Data handling in the COF is the major
. and Linear Array R 30K R 20K ® 10X R 20K cost factor,
DATA INSERTTON e Timeliness is the major performance
0BC: NR 30K OBC: NR 20K factor.
R 20K R 10K




To illustrate the use of these curves, consider the plots of total system cost to achieve
linearity of line scanner data shown in Figure 2-8. The cost to correct only the data sent
to the LCR station is always less than correcting all the data, regardless of the number

of missions. However, the cost of correction on the ground is less than the all data or the
LCRS cases for the number of LCRS's less than 14 and 11, respectively. The recommen-
dation to achieve minimum cost is to resample (in X, only) the data before it 13 sent to

the LCR station., If all the data is corrected in X, the approach utilized is to vary the
sampling rate to compensate for along scan non-linearities so resampling is not required
in X and its utility is enhanced because of reduced radiometric error. This is not the

minimum cost approach, however, and must be evaluated on its enhancement in performance,

The recommendations below are made as a result of the on-board vs. ground cost trades
study. Table 2-22 contains total system costs utilizing the recommended processing
approach for one through three missions as well as the costs to perform all functions on
the ground. Under the assumption that 20 LCR stations will be added per mission, the
total system cost saving is 0.8, 2.0 and 3.1 million for one through three missions,

respectively,

1. Linearity

Implement on-board resampler for line scanner data to perform X correc-
tion of all data sent to LLCR station.
Implement on-board X, Y correction to linearize pushbroom array data

sent to LCRS only.

2. Band -to-Band Registration

Implement for LCRS data only

3. Radiometric Correction

Perform all radiometric correction on ground for linear array and scanner
data.

4. Annotation
Annotate LCRS data only on-board the spacecraft

9. Auxiliary Data

Send auxiliary data to both the LCRS and CDP facilities.

2-54



Table 2-22. Comparison of Total Costs for All Ground Processing and
Recommended Approach

Number of Missions 1 2 3 ]
Number of LCRS 20 40 60

Al_l Ground Processing Cost 4,1 M 6.7TM 9.3 M
Recommended Approach Cost 3.3 M 4,7TM 6.2 M
Cost Savings ‘ 0.8 M 2,0M | 3.1M

2,18 SPACECRAFT V8. SHUTTLE FUNCTION

The Orbiter is currently being designed to offer support services to payloads in a number

d areaé including: (a) delivery to and retrieval from orbit; (b) lstructural/mechanigal;

(¢) electrical power; (d) communications; (e) data handling; (f) thermal control; (g) guidance,
control and navigation. The capabilities of the Orbiter in 'each of these areas and the
support available to EOS are detailed in JSC #07700, Volume XIV, Space Shuttle System
Payload Accommodations. The cost impact in each of these areas is described in Table

2‘23.

2.19 COST VS, WEIGHT AND VOLUME TRADES

Previous spacecraft design practice has been to emphasize optimizations on a weight
performance basis, More important for EOS will be the trades involving cost vs.

weight or volume while maintaining performance. The objective of this section is to
cost trade the use of larger and heavier components at a low cost vs. smaller and lighter

components at a higher cost,

The first step in this study was to establish a cost per pound criteria. This is summarized
in Section 2.19.1 and is $2-K/pound. The following sections summarize the significant

cost/weight tradeoffs using this criteria where appropriate.

A wy
gt

2-55



‘Table 2-23, Spacecrait vs. Shuttle Function Cost Trades

TUNCTION

COSTAMPACT

DESCRIPTION

Structural/Mechanical

Negligible fo 250K

Structural and mechawicaf interfaces hetween the EOS and Shuttle Orbiter are aseigned to the Flight Support System (F585). Definitlon of
this hardware ig the responsibility of RI, 3Specific hardware {rade studies are dealt with in Section 3. 1.

FSS functlons include spacceraft retention (during launch, ascent, and lamding), elevation, docking, ond positioning (for resupplyk Althwmgh
the F85 elements are belng designed by RI for the EOS speclfically, {t seems appropriate to evaluate 1ts applicability for use with other™
aatellites. Io the arsessment of Shuitic costs for various FOS support inlesions, charges will presumably be assessed for all payload-
associaied ltems which are carried to arbit 2nd returned to the ground. Several optional approaches are:

al  Satellite Integral F38 - the Tunctions nominally performed by the FS8 would be assigned to the satellite strustural/mechanical
subsystem.

B) Unlque FE8 - the F3S wruld retain its funetions and perform them uniquely for the EOS

[t} Geperal FSS - the FS8 would retain its functions znd perform them for o broad tange of Batellites, includlng EOS.

As shown in Tabie 2-24, the choice among the three options is a complex one. A FS3 uniquely desiyned for EOS seems the least atlractive
cholce except that aatellite weight is kept to a minimum, The primary advantage of the Generul FSS approach lies in the cost sharing potential
between programs and the struciural isolation between EOS and Shuttle which resulis in vost savings o both programs. These savings derive
principally from the simpler test integratfon and checkout activitfes required.

Electricul Power

Nene

The Shuttle provisions for electrical power support to paylsade are more than adequate for EQS heeds, Even assuming substantial needs for
cther co—delivered or retrieval payloads, the 1 low average and L5 kv peak power availabie during ascent and landing will suffice, In
addition, the ECS batterics are sufficlent to handle zll loads from Cargo Bay doer ¢losure to an-orbit deployment,

§1 HOVd "TVNIOIHO

EIrIvAd ¥00d J40

Communications

None

With the ability of the Shuttle Orbiter f¢ menitor and procers caution and warning slgnals, and agsoclated telemetry from ECS, the need for

o communications relay appears unnecessary. This essumes a very low level of subsystem activity antil {he Orblter has attained its parking
orbit and (he EOS bas been elevated] out of the cargo bay. With this event, more exlensive activation of the snbsystems will be (nltiated, but
the higher level of activity and the more extensive need for telemetry processing van now be handled hy EOS-to-ground communications.
Hence, there 13 no shuktle related cost impact in the communicstions area.

9g-%

Daty Handling

Not Applicable

The alloeation of various data handling functions between the EOS subdystems and Shuttle Orbit is confounded in part by overrfding safety
conslderatlons. The provision for cautlon and warning (C&W) monitoring of potentially hazardous conditons on the spicecraft demands that
provisions also be in¢luded for monitorlog refated subsystem status data apd isSuing related commands, Data from the SOAR and PUT
studies Indicate that tha ratie of support fupctions o C&W conditions may run s high as 4 or 5 to 1. The need to monitor portions of the
telcmetry data stream [n the Orhiter and the capability to lssue same limited commands Lo responze to C&W {ndications ia a basic safety
requirement, anpd is not subject to a minimal cost trade decision. This area will be more fully covered in Study Repart No, 6.

Thevinal Conlrel None Shuitle arbiter has the capability for coolant loop therma? control of payloads; however, there zppears to be no need far this type of service
to EOS duc to the limlted orbital stay time in the payload bay end the wide tange of thermal conditlons tolerable by the EOS components, There
i8 no cost tmpact. 1f the requirements for attached checkout should exceed 6+10 houra, however, some need for thermal control vie attitude
change may be found necessary, The same need would exist if a contingency were {o prevent separstion after the nomingt interval.

Attitude Control Nene Precision pointing of the EOS [s required for the accomplishment of certaiv sensor tasks. However, it has generally been decided to postpone

these tasks until separation frem the Orbiter has been completed. This decision aiso eliminates the need by the Orbiter to maintatn tight
stability rates, a proccdure which involves substantlal use of propellant. Likewise, the performance of these precislon sensor tests y the
free-flying EOS relieves the F33 of the nced for complex and costly pointing and stabllity funclions.

The capabilities of the Shuttle-Aftached Manipulator System (SAMS) is not available to any detail at present. However, the capehbility of the EO8
propulsion and attitude control subsystems appeer quite capable of countering any but the most severe rates which might be {mparted by the
SAMS at release, Varlous stidies ol spacecraft interlzces with Shuttle mounted and free-flylng manipulatar systems {ndicate that tip-off

rates should be well within the tolerable #imits. The SDAR study, in particular, has indicated that no major problem s expected. Major
potential difficulties were initially pointed out for TUG—delivered spacecraft, bué GE analysis for the TOPSS and PUT studies heave indicnted
that properly designed latch systems can reduce tip-off rates to less than 0. 2 degrees per aecond. There i no cost impact fn this area.

Orbit Delivery & Retrieval

Cosls are considered under launch vehicle section.
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Table 2-24., Optional Flight Support Systems

Option

EOS Relevant Effects

Orbiter Relevant Effects

Cost Impacts

Satellite

Integral FSS

o Maximum satellite weight

o Simplifies EOS/Shuttle
Interfaces

o Total EOS/FSS weight
probably minimal

0o Orbiter ground C/0
complexity increases

o Some cost savings over
uhigue FSS approach

o Lowest Shuttle tarrif -
€.g., oo FSS for down
trip on EOS delivery
mission.

Unigue FSS

o Relatively simple EOS/
Shuttle interface

0 Minimum satellite weight

o EOS design "drives" FSS
design

o EOS program takes FSS
weight penalty unless up
and down trips both used

o Similar to above

"0 Most expensive for EOS

program

o Independent program and
duplication of costs

o Shuttle tarrif penalty -
$0.5-0.6M for up or down
trip -

General FSS

o Complex EOS/Shuttle
Interfaces

o Moderate Satellite weight

o FSS design "drives” EOS
design

o EOS Program shares FSS
weight and cost

o Simplest ground C/0
requirements

o Common interface with
many satellites

o Least expensive for EOS
program-shared costing
with many satellites

o Lowest shuttle tarrif -
e, g., FSS used for EQS
delivery accommodates
retrieval of another
satellite




2.19.1 COST/WEIGHT CRITERIA
Launch vehicles investigated for EOS-A include the Delta 2910, Delta 3910, Titan IIIB NUS

and Titan ITID NUS. The cost of the Titan IIID NUS launch vehicle of $44~M per launch
eliminated it immediately from further consideration. Table 2~-25 summarizes their
cost, spacecraft payload capability (to 400 nm altitude) and shroud volume, The added
weighf capability from Delta 2910 and 3910 is about 1000 Ibs at a cost of $2-M or $2-K/Ib.

Table 2-25. Launch Vehicle Cost, Spacecraft Weight, and Shroud Volume Comparisons

§/C Payload Shroud

Launch Vehicie ‘ Cost Capability Volyme
Candidate {$M) (1bs) ()
Delia 2910 6.0 2525 600
Delta 3910 S.Q 3550 600
Titan ITIB NUS 15.5 4550 1670

2.19.2 PROPULSION SUBSYSTEM
The propulsion subsystem design, exclusive of the propellant tankage, is relatively
insensitive to cost trades conducted on a weight and volume basis. Therefore, the pro-

pulsion subsystem cost trade was limited to the propellant tankage.

The propulsion system propellant tank trade was made on the basis of an EOS-A mission
injected by the Delta launch vehicle and recovered by Shuttle. For a 2,200 1b EOS-A
spacecraft operating at a mission altitude of 418 nm, approximately 180 lbs of hydrazine
are required. The 180 ibs of propellant was used to determine the required tankage size.

The cost vs. weight and volume data are plotted in Figure 2-15.

The lowest cost tankage is the two 22.14" titanium tanks. A single 29, 5" titanium tank is
available for an increase of about $48-K with a weight savings of about 8 lbs or $6-~K/1Ib.
Since this is greater than the $2-K/lb criteria, the two 22.14" tanks are the most cost/

weight effective.
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2.19.3 C&DH MODULE
The most significant element in the C&DH module affecting cost, weight, and volume is

the transponder, The cost trade considered the following candidate transponders:

o ERTS Transp_onder
o  BSE Dual M transponder
o  Viking "75" transponder

Cos‘_cs (based on three flights and 1 gual unit), size and weight were obtained for each of

the candidate transponders and are plotted in Figure 2-16.

Considering a redundant transponder approach, the minimum cost tra.nsponder is the
ERTS unit. Its cost is $200~K less than the Dual M transponder but weighs 12. 5 lbs more.
' The difference, at $16—K/1b, is not worth the weight savings. For a non~redundant

approach, the ERTS unit is also most cost/weight effective.

2.19.4 THERMAL CONTROL SUBSYSTEM

Cost, weight, and volume trades were conducted for candidate thermal control concepts,
~ The thermal control concepts considered were:

1. Passive - insulation, coatings, heaters

2. Intermediate Radiator

3. Fluid Activated Louvers

4, Bi-Metallic Louvers

5. Heat Pipes
Detail cost/performance trades were performed and are discussed in Section 3. 4. 2. _
Information developed during these trades regarding cost, weight, and volume are plotted

in Figure 2-17. All costs are for one subsystem module.

The results of the trade study show clearly the COSt/W&lght effectiveness of the passwe

thermal control concept over all other concepts con51dered
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2,19.5 INTERSTAGE ADAPTER TRADES

The interstage adapter acts as the launch support for the spacecraft and incorporates
mechanisms which provide separation of the spacecraft from the launch vehicle, Several
candidate adapter concepts have been congsidered for EOS-A and have been traded off
with regard to cost, weight and volume for both Delta and Titan Launch vehicles, These

concepts include:

1. NASA baseline - transition ring and interstage adapter
2, Optimized NASA baseline - transition ring and integral shroud interstage

3. Conventional adapter - simplified transition ring and no interstage adapter

- Cost, weight, and volume comparisons for the various adapter configurations are shown
in Table 2-26, In this table, two sets of costs and weights are shown., The first set
represents direct costs for the various adapter configurations. However, the use of a
conventional adapter configuration results in total system cost and weight penalties.

These penalties occur because the conventional adapter will require additional structure
in the spacecraft subsystem to transfer spacecraft loads to the launch vehicle, The
second set of costs and weights in Table 2-26 reflect the associated cost and weight penal-

ties.

In general, it can be concluded that for both Titan and Delta launch vehicles the costs and
weights for the conventional adapter configuration are significantly less than those
required for the baseline configuration with transition ring, This conclusion applies

both with and without additional spacecraft subsystem structure weight and cost penalties.

2.19.6 POWER SUBSYSTEM

Cost vs. weight trades within the Power Subsystem were invesﬁgéted particularly with
respect to the battery and solar array. These two components usually repfesent more than
70 percent of the total subsystem weight for low altitude missions. The electronic power
control and regulation components are not as amenable to analysis nor are the potentials

for weight savings as great.
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Table 2-26, Adapter and Separation System Cost, Weight and Volume

Comparisons
Adapter Launch Cost Weight Total(l) Total @
Configuration Candidate Vehicle (K$) (Ibs) Cost (K$) | Weight (1bs)
NASA Baseline Interstage Titan 113.1 513 3.1 513
Optimized Interstage Titan 115.6 513 115.6 513
Conventional Titan 74.5 160 84.5 260
NASA Baseline Interstage Delta 88,5 199 88.5 199
Cdnventional 24" Standard Delta 25.56 83 - 30.5 133
Conventional 12" Standard Delta 25,5 71 30.5 121
Integral Interstage Delta 101. 0 430 101 1 430

@ Includes effect of additional cost and weight penalties resulting from addltmnal

spacecraft subsystem structure requirements

) The batlery design selected for the EOS mission is based on a current GE Space Division
battery development program. The experience and data obtained on this program together
with detailed analysis of test costs were used to calculate several points on the cost vs.
weight curve shown on Figure 2-18. Minimum weight for a given battery module is very
costly as can be illustrated by the steepness of the curve below 47 Ibs. Thus, the design
point for EOS batteries has been selected just below the knee of this curve to achieve a

weight/cost optimized design.

Solar array cost/weight trades center on the effects of coverglass thickness and solar cell
thickness. The baseline EOS coverglass thickness of 300.pm of fused silica could be
reduced to a nominal 150 pm with a corresponding reduction in weight and increase in

solar array cost. The analysis of this cost/weight factor is complicated by the fact that
reduced coverglass thickness will result in more solar cell radiation damage or more
array area required for a given EOM power output requirement. Using the selected EQS-A

solar array design as a baseline, a comparlson of radiation damage shows that 10.126 m2

(109 ft )} of panel area would be required for 150 pm coverglass as opposed to 9, 847 m2

(106 ft ) for the baseline 300 pm thickness, Accaunting for this size increase as well as
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Figure 2-18. Cost vs., Weight for a 17 Cell 24 A-H Nickel Cadmium Battery
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the weight difference associated with the reduced coverglass thickness yields a net weight
reduction of 1. 56 kg, (3.45 1b) for the solar array with 150 ym coverglass, This is based
on a total unit welght of 4,882 kg/m (.00 Ib/ft } for the baseline EOS—A solar array
(including substrate}, At a unit recurring cost of $43, OOO/m $4, OOO/ft ) the baseline
Solar array will cost $423-K per spacecraft, The reduction in coverglass thickness from
300 to 150 pm is estimated to increase the unit recurring cost by $1076/ m2 ($100/ft2).
These unit costs result in a net cost difference of $22, 900 per spacecraft for a reduction
in weight of 1. 56 kg (3.45 1b) for a resultant cost/weight factor of $14, 680/kg ($6638/1b),

making the thicker coverglass the most cost/weight effective selection.

The evaluation of the cost/weight trade for solar cell thickness is quite complicated

due to the influences of thickness on both initial electric_al output and radiation damage.
It is expected that the resultant cost/weight factor will be of the same order of maghitude
as the factor calculated for changes n coverglass thickness. This should be true for
changes in solar eell thickness between 350 ‘and 200 pm, Below 200 pm thickness the

cost/weight ratio should increase rapidly.

. - !' y
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SECTION 3
SPACECRAFT SUBSYSTEM COST TRADEOFFS

This section describes the design/cost tradeoffs within the various spacecraft subsystems. In
addition, it ﬁrovides cost elements within the various subsystems that are traded at the system

level (in Section 2),
The section is organized into the following subsystem or technology areas:

e Mechanical, Including instrument, spacecraft and module structures; mechanisms:
and interstage adapter/transition ring,

e Thermal. Includes instrument, spacecraft and module thermal control,
¢ Propulsion. Including orbit transfer, orbit adjust and reaction control systems.

e Wideband Data Handling, Including payload data processihg, recording and com-
munication equipment.

» Power Module. Including solar array and all power conditioning and storage equip-
ment,

o ACS Module, Including sensors, reaction devices except mass expulsion and inter-
face electronics,

& C&DH Module, Including all equipment for housekeeping telemetry, tracking, command
* and on-board computation and storage exclusive of payload (wideband) data and the on-
hoard software required to support these functions.

For convenience both mission peculiar and non-mission peculiar considerations are treated in

the above areas,
Subsystem requirements and descriptions are given only as necessary to adequately define and

evaluate the cost tradeoffs discussed. For brevity, areas where no significant cost trades

were identified have been omitted.
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3.1 MECHANICAL DESIGN/COST TRADEOFFS

This section considers three cost trade areas that can be primarily evaluated within the mech-

anical/structural area, These a're {1} allernative structural designs, (2) alternative inter-
stage adapter and transition ring concepts, and (3) the use of standard actuators for mechanism
designs. These are discussed in Sections 3.1.1 through 3.1.3 re spectively. The cost impact
within the structural/mechanical area of several systeml level cost trades are discussed be-

ginning with Section 3. 1.4, They include:

e Impact of TDRS.

° Impaci; of solar array designs.

e Impact of TM/HRPI approach,

e Impact of Shuttle retrieve/resupply.

s Follow-on instrument accommodations.

3.1.1 STRUCTURAL DESIGN ALTERNATIVES

Structural cost/weight evaluations have been made for the EOS-A Titan/Shuttle configuration
using two constructipn techniques shown in Figures 3-1 and 3-2, respectively, Both con-
figurations feature a central transition ring supporting the subsystem and instrument section
structures and interfécing at the forward end of the cylindrical interstage adapter for a Titan
launch, For a Shuttle launch or retrieval the spacecraft is clamped circumferentially at the
transition ring by the Shuttle Flight Support System cradle. The tradeoff is considered
directly applicable to the Delta Configurations as well,

The following design/cost comparisons of these structures compared welded 6061 aluminum
truss construction for the Baseline and 2024 aluminum semi-moncoque construction for the
alternate. Table 3-1 summarizes the launch vehicle load factors. An assessment of
structural weights using a limit working stress of 15 KSI for strength, or providing a lateral
natural frequency of 10 Hz indicates structural weights for either arrangement will be com-
parable to the type of construction selected will be primarily dependent on cost alone, Costs

have been estimated for fabrication of one unit and include materials, purchased parts, shop
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labor and tooling costs, Design and apalysis costs are considered equivalent for either con-
figuration or type of construction and a common module Iatching mechanism has been assumed

applicable to either design and those costs are not included.

Table 3-1, Structural Requirements Summary

Spacecraft Qualification Test Levels
{1.5 X Expected Level)
. . §/C 8/C Ulttmate
Accglerations (g's) Randora Vib, Max, Sine Vib, (g's} Acoustics | Shock Resp. Load Design Loads (g's)
Launch System Thrust | Latera) (g rms) Thrust | Lateral dB {g's Max,) Factor | Thrust | Lateral
Delta -~ 18,0 +3.0 11,3 6.8 2.0 144 1700 1,25 ~22,5 3.75
Titan III D - 4.0 +2.8 ’ 16,9 4 3.0 2,04 147 3500 2,0 -18.0 5.2
Shuttle
L/O - 3,45 1,28 7.9 to TBD TRD 143 to TBD 2.0 - 6.9 2,58
B/O - 4,85 .81 24,3 149 (1.2 - 9,9 1.81
Entry + .58 4,56 : crash) { + ..76 9,12
Ldg + 2,25 4,37 4.5 8,74
Crash + 5.0 4.5 +10, 8 5.4

: ‘Subsystém Section Structure (Figure 3-3). The Baseline Subsystem support structure consists

of planar welded 6061 alyminum alloy truss sections holted together to form a rectangular
open box structure, The lower {earth viewing) surface is open to accommodate a centrél ex-
periment 'module, and the three subsystem modules are installed on the side and upper box

surfaces, attached by a common latching mechanism and guide rail at each module corner.

The alternate semi-monocoque structure consists of a central closed hox with four primary
longerons at the box corners. The transition ring forms the forward bulkhead and an open
center aft bulkhead completes the structure, (The aft bulkhead central opening is closed by
the propulsion module central bulkhead.)

Consiruction is of straight-formed and extruded 2024 aluminum sections and flat aluminum
sheet panels riveted and bolted to form the stiffened sheet structure., The subsystem modules
are attached to the upper and lower and to one side of the box structure using a common corner

latching mechanism,
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Figure 3-3, Subsysterﬁ Section Structure

Estimated costs for these designs are:

Baseline Alternate
K$ K$
Materials 2,0 1.0
Tooling 2,7 3.0
Labor 18,0 18.0
Total 22,7 22,0

These costs are virtually identical and indicate either type of construction can be used effec-
tively for this section,

Transition Ring, Baseline and alternate ring designs are shown on Figure 3-4, and have been

evaluated for weight and cest. Weights for either design are comparable and costs of the
built-up alternate design are somewhat higher due to higher assembly labor. Estimated costs

are:
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Bageline . Alternate

K$ K$
Materials 9.0 9.5
Tooling 2.5 3.5
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Total ‘ 20,0 26,0
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ADAPTER

BASELINE ALTERNATE

ADAPTER

Figure 3-4, Transition Ring Designs

Subsystem Module Structure. The baseline module structure uses a welded 6061 truss outer

frame to support an aluminum honeycomb sandwich outer panel, and the first alternate design
has a stiffened sheet frame and a machined integrally stiffened aluminum panel (see Figure
3-5). The second alternate module design shown on Figure 3-6 uses an aluminum houeycomb
panel and stiffened sheet outer frame. ' This module has the subsystem components and in—
ternal bulkheads attached directly to the outer panel which is in turn attached to the open frame
box structure. This approach permits use of one box frame des1gn for all modules with com-
. ponents mounted to the stiffened outer panel "breadboard' resulting in simplified installation

and harnessing of the modules.

Costs of these designs are:
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Baseline Alternate

K$ K%
Material 15 o7
Tooling 3.2 3.5
Labor _ 2.4 3.3
Total 7.1 7.5

Instrument Section Structure (Figure 3-7). Baseline instrument section structure is of weld
ed 6061 aluminum open truss construction and the alternate design is a build-up 202-4 deck
structure with side and intermediate support keels. The design of this section is mission de
pendent and the structural arrangement will be tailored dependent on the size, IOca_tion and
ofientation of the instruments and equipment. All external surfaces will be insulated to pro

vide independent thermal isolation for each instrument, Cost comparisons of these structur

are:

Baseline Alternate

K$ K$
Material 2,0 1.5
Tooling 9.0 10,0
Labor _9.0 15.90
20,0 26,5

: . Theee cogts show some cost advantage for the truss structure due primarily to the use of

fewer piece parts simplifying assembly of the section,

Propulsion Module Structure {Figure 3-8). The baseline propulsion module structure is a

semi-monocoque aluminum structure, The module design for the alternate all hydrazine sys
tem is an aluminum truss structure, The weight of the two structures is nearly the same,

although the total module weight of the alternate design is less,

Baseline Alternate

K$ - K$
Material i .7
Taooling 5.5 8.6
Labor 14.4 12.0
i Total : 20,3 21.3

3-9



WEIDED ALUMINUM
TRUSS STRUCTURE

INSULATION
COVER

TRANSITION
RING

BASELINE

TRANSITION RING
ATTACH FITTINGS

SENSOR COOLER
OPENING

TNSULATION

ATLTERNATE

Figure 3-7, Titan/Shuttle Instrument Section Structure

LATERAL
EXCHANGE
BASELIRE
SoLiD ROCKET MOTORS
+
HYCRAZIME
+
Ny
Figure 3-8,

3-10

AL. TRUSS- PLATE
STRUCSTURE

AL, Semi-Monocoaue /
CONSTRUCTION

AR A

ExcHANGE

ALTERMNATE
ALL HyDrAZINE
SHYSTEM

Propulsion Module Structures



Conclusions. The preceding cost analysis shows that, given similar structural arrangements
and using standard aluminum materials, there is very little cost differential between welded
truss and semi-monocoque construction, The truss structure for the payload sections and the
machined forging for the transition ring are the only areas where a significant cost difference
exists, Thus, there is considerable latitude in the structural design in that the type of con-
struction most advantageous to the application for weight, gpace or mounting can be used at

the designer's discretion.

3.1,2 INTERSTAGE ADAPTER/TRANSITION RING

The interstage adapter acts as fhe launch support for the spacecraft and incorporates separation
mechanisms which allow separation of the spacecraft from the launch vehicle once orbit altitude
is achieved. The transition ring separates the mission peculiar equipment from the basic space-
craft and is used for shuttle retrieval. Both the transition ring and inferstage adapter are
mission peculiar hardware which require separate designs for the alternate launch vehicles,

Four alternate concepts have been considered for EOS:

1, NASA Baseline ~ {ransition ring and interstage adapter
2. NASA Baseline - with alternate separation technique
3. Alternate No, 1 - transistion ring and integral shroud interstage

4, Alternate No. 2 - conventional aft adapter
These alternate concepts are shown in Figure 3-9 and discussed below,

NASA Baseline - Transition Ring and Interstage Adapter. The NASA baseline interstage adapt-

er concept uses an interstage adapter that ties from the transition ring to the launch vehicle

interface aft of the subsystem section, The major characteristics of this design are:

1, Experiment section and subsystem section are decoupled from each other during
launch (loads from each section are carried to the transition ring and down the inter-
stage adapter).
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Figure 3-9. Alternate Adapter Concepts

2. Aninterstage is required between the shroud and subsystem section (limits the allow-
able diameter of the subsystem section, requires parallel load carrying structure
which is not lightest weight).

3. A SMDC circumferential separation joint or Vee band is used aft of the transition ring
to provide spacecraft/launch vehicle separation.

4. Separation rails are required to guide the subsystem section out of the interstage

adapter.

Figure 3~10 shows the NSAS baseline interstage adapters for Titan and Delta Launch Vehicles,
construction, method of separation near the transition ring, separation rail concepts and inter-

face to the launch vehicle at the aft end of the adapter,
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NASA Baseline - With Alternate Separation

Techniques. The alfernate interstage adapter
shown in Figure 3-11 uses identical structure
to the NASE baseline, An alfernate separation
method and sequence using developed LMSC
shroud devices and techniques is used, This
concept is applicable to either Titan or Delta

configurations,

This method first separates the spacecraft
from the booster at an aft circumferential
joint near the booster interface. Separation
sprian on the fixed section provide the re-

quired separation velocity to the spacecraft,
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The shroud is next simultaneously separated into two halves by two longitudinal and the for-
ward circumferential joints, and is opened by spring activated fly-away hinge fittings and
ejected, This "clamshell" separation is identical to that employed by the LMSC shroud and
eliminates the need for separation rails to insure that clearances are maintained during a

long axial separation,

Alternate No. 1 - Transition Ring and Integral Shroud Interstage, Figure 3-12 illustrates a

system that does not require the separate interstage adapter thus providing additional volume

~ Tor the subsystem section. Ther shroud is divided into an upper section and a lower section,
The upper shroud interfaces with the forward end of the transition ring and is jettisoned similar
to the present Titan shrouds, The lower shroud section attaches to the aft face of the transition
ring and acts as a combined interstage and shroud, carrying all loads (air and inertial) from
the transition ring to the launch vehicle inferface. The shroud separates from the launch
vehicle at the lower end and then clamshells off from the transition ring; therefore, it is not
necessary to draw the subsystem section out of a long cylinder. The major disadvantage of
this system is the integration required between launch vehicle shroud contractor and the space-
craft contractor to define the hardware implementation and analyze the combined loads for the
shroud interstage. This type system is being investigated by MDAC for application with the
Delta launch, Their preliminary estimate is a 400 pound weight penalty for the integrated
shroud/interstage,

Alternate No. 2 - Conventional Aft Adapter. The conventional adapter concepts shown on

Figure 3-13 for Titan and Delta configurations ties the aft end of the subsystem section to the
launch vehicle through a conventional adapter, The subsystem section structure is required to
act as the primary load path for equipment forward of the transition ring, This conce pt
eliminates the large interstage adapter, and simplifies the transition ring design (still required
for shuttle interfacé) allowing additional weight margin for conventional launch vehicle appli-
cations, The conventional adapters both employ Vee band joints and spring cartidges for sep-
aration. This concept requires the subsystem section structure to be designed to transmit all
spacecraft body load to the adapter and to provide the primary structural stiffness during launch.
These requirements will result in a heavier subsystem section but will result in a lighter over-

all spacecraft structure,
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A traﬁsition frame is located betwel_an the subsystem and instrument sections to permit three

point attachment to the Shuttle retention cradle for launch or retrieval by Shuttle,

Degign/Cost Comparisons. A comparison chart for the Adapter Rings and Separation Systems
is shown in Table 3~-2. Costs shown are manufacturing estimates for one system including

tooling, materials, and shop labor. Engineering and development test costs are assumed
equivalent and are not included, Weights have been estimated for each L/V application based

| on maximum payload capabilify for each booster., A weight and cost penalty for added

structure in the Subsystem Section has heen included for the conventional adapter approaches,
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Figure 3-13, Alternate Conventional Adapters

and data for the Integral Interstage design has been taken from a preliminary MDAC evaluation
of this concept for Delta, Potential cost and weight savings on the Shuttle FSS have not been

assessed at this time a:nd are not included.

The relative separation complexity has been derived considering the number of separation
events and overall separation mechanism complexity for each application, The conventional
adapter using standard Vee-band and separation springs at the interface joint is the most simple
and reliable of the systems considered, and is rated lowest in overall complexity. The clam-
shell approach using separate events for booster and adapter separations is rated next since

this concept uses developed concepts and eliminates the clearance problems associated with
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Table 3-2° “A('.iapter Design/Cost Summary

Surface Struet. (1) 2y Total Relative Relative Adapter Sepr, Trans. Added (2) {4)
Adapter Area Struct, Wit ,"th Sepr. 8yst. | Transition Body Struct. | System |Separation Interface ’ Structure | Cost | Ribg/Frame | Tooling | Body Struct, Tuatal
L/V | Confipuration Ft2 Weight Lbs #;’F‘t.z Wi.-Lbs.  |Sect, Wi, -Lbs | Penalty W, | Wt, -Lbs [ Complexity Complexity Cost K K Cost K Cosgt K Cogl K
Band 47
Titan | NASA Baseline . 250 386 1.55 127 Rails 80(250.{Ring) 0 763 4 @ 97.4 15,7 20,0 30,0 -0- 163.1
Interstage
SMDC B3]
Titan | Optimized 250 386 1,55 | 127 Mech a4}250 (Ring) 0 - 783 3 Ce D 7.4 8.2 L 26,0 20,0 -0- 1716
Interstage
Band 15 .
Titan | Altermate 64 125 196 |45 Mech 20 (250 (Frame) 160 CEo 3 66,0 w5 | 125 20,0 10.0
Caonventional
Band 18
Delta | NASA Baseline |~ 133 139 1.20 | 40 Ruils 22 |124 (Ring) a 323 1 @ 76,0 12,5 16,0 2.0 - - 124.0
Interstage . .
X Band 12
Delta | Alternats 15 56 1,74 | 27 Mech 15 |100 (Frame) 50 233 @ 3 26,0 5.5 | 10,0 26.0 5.0 50.5
Conventional
24" Standard
Band 12
Delts | Alternate 16 14 2.75 |27 Mech 15 (100 (Frame) s Kz 3 20,0 5.5 | 10,0 16.0 5.0
Conventional
37
Delta Integral 257 400 1.56 30 150 Est. for a 550 3 3 80,0 16.0 249 25,0 -0- 1609
Interstage (3) 96" Bia,

{1} Transttion Ring or Frame for Attachment to Shuttle for launch or retrieval

() Added weight and cost in §/8 support structure to accammodate carrying body loads thru section
) Weight per MDAC leiter dated 5-20-74, Casts estimated proportional to nptimized interstage
{4) Preliminary Cost Estimateg for one unit

Qﬂighest Ranking




long separation rails, The Bageline axial separation concept is rated most complex due to

the complexity of the spring-loaded rail system controlling the separation,

Interface complexity has been evaluated as superior for the Interstage Adapter concepts gince
the Instrument and Subsystem sections are separated permitting relatively independent design,
development and test of these sections, The Alternate conventional and Integral Interstage

approaches both result in added interaction between Sections and are rated more complex than
the Interstage design, Note that all of these arrangements physically separate the Instrument

and Subsystem Sections into two separate modular sections.

Conclusions. The design/cost summary presented in Table 3-2 shows the conventional adapter
superior from weight, cost and separation standpoints for either Titan or Delta applications.
The Interstage Adapter designs are superior in regard to simplicity of interfaces and are
attractive from a system design standpoint if weight 1s available for their use. The Integral
Shroud Concept is highest in weight and cost and does not appear to be a desirable contender

for the EOS application,

The conventional adapter is recommended for either a Delta or Titan launched spacecraft to

provide adequate payload weight capability and margin,

3.1,3 STANDARDIZED ACTUATORS

There are a number of rotary and linear actuations required on the EOS spacecraft for such
functions as solar array retention and deployment, antenna deployment and gimbal drives. The
development of three standard actuators has been evaluated as custom designs for these tasks.
Excess size and weight, in some cases, must be traded off for the cost benefits of using a

standard device.
Three standard actuators have been considered (see Figure 3-14),

Type A Actuator - Rotary
Type B Actuator - Linear

Type C Actuator - Hinge/Latch Release
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Type A and B actuators both use a stepper motor and harmonic speed reducer which has been
developed for long life space applications, The output stage of the Type A actuator is a rotat-
ing shaft. The output stage of the Type B actuator is a shaft with axial motion only. The Type
C actuator is a latching and release device which causes the latch to open with a rotary sole-
noid and/or sets the latch up for the subsequent latching operations upon command. Tt has an

optional feature of being operable by SAMS using an exterior rotary knob,
Table 3-3 shows typical output performance and possible applications of these devices.

Table 3-3. Actuator Performance Requirements

Actuator Output Application
Speed Torgue

Type A 9%/sec 6 ft1b

(Rotary) Array Extend/Retract

Type B 3"/min 600 1b (1) Array Deployment

{Linear) (1) Tdr. Ant. Deployment

(1) Wide Band Ant, Deploy
(1) SAR Deployment
(4) Instrument Cover Actuator

Type C 10 1b (4) Array Launch Retention
{Latch/Release) Release Force (4) Array Hinge Latch Release
(2) SAR Latch Release

(2) Wide Band Ant Stow/Lock
(2) Tdr. Lock Release

The standardized actuator designs, described herein, in essence carry the modular concept
of the spacecraft into the area of mechanisms. The Type A and T'ype B units are designed to
have a motor stage and an intermediate gear stage basically identical to these two parts in the
solar array drive, The actuator is completed by adding either a rotary or a linear output
stage. A fittingin the output lange provides for the addition of a feedback or position indicating
potentiometier as may be required. Output forces, torques, and speeds can be sized in most
cases to handle a number of applications, using the step rate (pulse per second} to the motor

as a control variable for specific functions.
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The stepper motor/harmonic drive combination has some significant advantages, namely:

o Controllable épeed

e Finite rotation even with open loop control

e  Ability to hold load in position without applied power
¢ Compact and low weight

e Low power requirements,

The Type C (latch release) device is designed to provide a simple means of opening a spring
closed latch with 2 commeon approved and available device, the rotary solenoid. By providing
a ratchet effect in the cam drive, it can hold the latch open or closed without power and re-
quires only one or two pulses to change state. These types of solenoids have been used on

Apollo with success and will be used on the Soyuz mission.

A summary of this cost saving breakdown is shown in Table 3-4. These savings are made up
of costs saved in the smaller number of component designs to be made and qualified, the cost
break from purchase of larger quantities of purchased parts, and smaller number of spare

components needed because of the interchangeability of components,

Table 3-4, Standardized Actuator Cost Savings

Total N Reduced
Type Qty of Qual Quantity Reduced Design
Units Reduction Procurement Spares Costs
A 2 10K .BK 8, 0K K
B 7 30K 3. 0K 30,0K 20K
“C 12 . 30K 1. 0K 8, BK 8K
Subtotal 70K 4,5K 46, 5K 33K
Total © 154K
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3.1,4 IMPACT OF TDRSS
Incorporation of a large pointable TDRSS antenna in lieu of the wideband system results in an
overall cost and weight impact to the spacecraft structure and mechanisms in addition to the

cost delineated in other subsystem areas,

The TDRSS installation on the Delta launch vehicle and the orbital spacecraft configuration are
shown on Figure 3-15. The TDRSS antenna and boom are stowed above the instrument support
structure which has been strengthened in the forward area to support the furlled antenna, The
erectable boom is attached at the base and deployed by use of a rotary actuator. Overall boom

height is nine feet for the eight foot diameter antenna shown.

Cost and weight increases over the baseline system result primarily from addition of the boom
and erection mechanism and the need for a heavier two axis gimbal drive for the large antenna.
Additional non-recurring costs are incurred for structural and mechanisms design plus addi-
tional systems level testing required fo verify the erected antennas dynamic characteristics.

Cost and weight deltas for the addition of TDRSS are:

Item Non-Recurring | Recurring | Weight {1b)
Gimbal Drive 600-K 300-K 10
Boom, Deployment Mech, 150-K 75-K 50
and Structure
) Structure and Dynamic 100-K - -
Tests
Total 750-K 375-K 60 1b

Antenna and associated equipment costs and weights are summarized in the wideband section.

3.1,5 IMPACT OF SOLAR ARRAY DESIGN
The baseline solar array for either configuration is a rigid folding array as illustrated on
Figure 3-16, Either arrangement would use an identical type of array construction, similar

deployment mechanisms, and total system array area and cost would be approximately equal.
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Figure 3-16, Rigid Solar Array Configurations

An alternate roll-up solar array could be used as shown on Figure 3-17, It allows additional
configurational flexibility, but these advantages are more than offset by the approximately 25

percent higher cost over the rigid array approach (see Power Section).

3.1.6 IMPACT OF TM/HRPI APPROACH

The design studies for the three candidate Thematic Mappers, and three candidate scanning
HRPI's and the one pushbroom array HRPI are all generated to slightly different baselines.
The resulting sizes and weights vary significantly and are probably more representative of
degree of design completeness than of basic differences between approaches. Theorically,
the object plane scanner should be smaller and lighter. However, all were assumed to be

equally compatible from a structural accommeodation point of view,

Table 3-5 indicates the orientation of the candidate instruments to the spacecraft velocity

vector, Earlier discussions (see Figures 3-1 and 3-2) show either orientation, or different
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Figure 3-17. Alternate Roll-Up Array

orientations for each instrument, can be accommodated with little change to the basic design
concept.

Table 3-5. Instrument Orientation with Respect to Velocity Vector

Type Of Scan ™ | HRPI
Image Plane Scanner either parallel
Object Plane Conical Scanner _ either parallel
Object Plane Linear Scanner perpendicular perpendicular
Pushbroom Array -= perpendicﬁlar

The TM's require approximately + 8 degree field of view toward nadir from the instrument's

optical axis, The HRPI‘ and ScHRPI's require a + 48 degree clear field of view. These can be

Q _ % 3-25



accommodated by mounting the SCHRPI more earthward within its instrument module than

the TM.

All candidate TM's require a radiant cooler for the thermal band detectors. In the point study
reports, the contractors sized the coolers and oriented the fields of view for a 9:30 orbit,
These designs will have to be reworked by the contractors for an 11:30 orbit, but no design

accommodation problems are envisioned with the single solar array concept.

3.1.7 IMPACT OF SHUTTLE RETRIEVAL/RESUPPLY

The assessment of Shuttle Retrievé.l and Resupply impact in this section is limited to cost and
weight effects on the spacecraft structure and mechanisms, Overall system cost analyses,
effects on the Shuttle equipment weight and cost, and integrated Spacecraft/Shuttle and equip-
ment verification test costs will be included in Report No, 8, '"Space Shuttle Interfaces and

Utilization."

Retrieval/Resupply Modes. Cost/weight penalties to the spacecraft structure and mechanisms

have been estimatead relative to an expendable (no retrieval or resupply) design. This expend-
able "'reference" spacecraft would employ subsystem modularity and separate rigidly joined
subsystem (BUS) and instrument sections to enhance producibility and development schedules,

but would have no provisions for Shuttle launch, retrieval or resupply.

In the retrieval mode the spacecraft would be captured by the Shuttle and returned to earth for .
ground repair and relaunch, The retrieval model requires addition of a central transition ring
or frame to interface with the Shuttle retention cradle. Launch and/or retrieval only will re-
sult in a simplified FSS providing spacecraft retention and erection capability fonly, and SAMS
will be used for spacecraft deployment and capture, Retrieval capability is also included for

all other resupply modes,

Subsystem (BUS) section and instrument section resupply would permit exchange of these
sections at the transition frame. This mode requires design and development of remotely
activated latches and electrical disconnects for the spacecraft and an exchange/storage capabil-
ity for the FS8S.

3-26



Module exchange capability using the F'SS and SPMS equipment, as illustrated on Figure 3-18,
requires a separable module for each subsystem and instrument, These modules will have
corneyr latch fittings to interface with the SPMS and remote electrical disconnects, In addition
provisions for exchange of appendages such as the solar array and antennas using SAMS are
required, This mode makes maximum use of the Shuttle systems for on-orbit servicability,

but results in the highest spacecraft weight and cost.

The module latch and connector mechanisms employed are shown in Figure 3-19 and represents .
an optimization of the GSFC baseline design to reduce weight and cost. The concept utilizes |
the basie N_ASA'design of a modﬁle latch but absorbs load only at the conical seats, thus elimin-
ating guide rails. A conical section at the latch base helps guide the module into position and
then positions it to within 0, 10" of true position to accommodate the electrical connector mating
which can absorb up to 0, 15" or misalignment. The module latch housing can be cut away in

many places to provide a lightweight, yet sturdy, corner fitting.

The G&H Technology electrical connector shown has been qualified for aircraft use and is being

studied as a prime candidate for the electrical connector,

Cost/Weight Impact. Effects of retrieval and resupply to the spacecraft cost and weight are

listed in Table 3-6, and relative effects to the Shuttle systems are summarized. Costs shown
include design, analysis and development test (NR, non-recurring) and hardware costs per
spacecraft (R, recurring). Weights shown are additional weight over and ahove the reference
(expendable) design. Note that retrieval costs and weights are included in the resupply mode

totals shown, -

This study indicates the baseline module resupply mode results in weight impact to the space-
craft which may be prohibitive for pre Shuitle launch vehicles, This mode, however, can
potentially produce the maximum cost effectiveness for the overall system during the Shuttle

era,
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Figure 3-19, Optimized Module Latch Mechanism

The retrieval and seption resupply modes result in significantly lower cost and weight penalties
to the spacecraft and may prove to be viable contenders for early EOS application, The section
resupply mode, in particular, having capability for on-orbit exchange of either thé BUS or in-
strument sections, may provide adequate resupply capability at lower cost and weight to the

basic spacecraft.

3.1,8 FOLLOW-ON INSTRUMENT ACCOMMODATION

EOS orbital configurations for alternate payloads are shown on Figure 3-20. These modular
configurations have a BUS section designed to interface with either Delta or Titan launch
vehicles using a conventional adapter, and a central transition frame for attachment to the FSS
for launch or retrieval by Sh_uttie. Instrument installations shown are fixed mountings not con-
figured for resupply. Resupply provision will require individual modules for each instrument

plus addition of corner latches on the subsystem modules,
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Table 3-6. EOS Retrieval/Resupply Mechanical Design Impact

5/C Mechanical Impact

Cost
Mode Configuration NR R Weight Shuttle Equipment Conclusions
Expendahle » Fixed 8/8 modules ¢ Lowest weight spacecraft
Spacccraft # Built-in instrument mts, - _0- —0- Not compatible with s Requires complete §/C replacement to
correct any failure on orbit
(no retrieval ¢ Max schedule impact
or resupply) Shuttle launch « Potentially highest cost to system
Retricve » Fixed 8/5 modules » Simplified IS8 (retention & erection onky) e Detrieve for either 5/5 or instrument
» Built in instrument mts. 185K ITK 150 1b ¢ SAMS for 8/C development & capture failure
(no resupply) o Transition frame # Ground repair
» 8/8 & instrument sections ¢ Simplified Shuitle interracos & equipment
rigidly joined at frame » Long repair & replacement schedule
» Lowest weight S/C for re-use
» Fixed 8/8 modules » FS8 modified to incorporate section exchange o BUS or instrument section exchange on
5/5 {BUS) and # Buill in instrument mis 395K 69K | 255 1h mechanisms (horizontal exchange) Shuttle
Ingtrument ¢ Transifion {frame e 2 SAMS for handling sections ® Requires simplified exchange mechanism
Sections # 5/8 & instrument sections e Storage fixtures » Maximum shuttle payload sharing
Resupply (& 5/C removable at transition # Moderate schedule impact
retrieval) frame s Most adequate for major 8/8 instruments
chanpes
# Remaovable B/E ard instru- e F88 including S/C indexing capability e Exchange failed S/8 module or instrument
Module Resupply ment modules with remote 623K 168K 570 b » SPMS for module exchange a Most complex & heavlest spacecraft
(& 5/C Retrieval) latches & elect, disconnects e BAMS for appendage exchange a Requires most complex exchange mechanisms
¢ Transiiion frame e Storage provisions for modules in SPMS & has highest welght & volume to Shuttle
Baseline # 5/8 & instrument sections magazine & fixtures for appendages » Shortest schedule impact
Rigidly joined at frame + Maximum utilization of Shuttle
® Replaceable appendages o Potentinlly most cost effective
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Payloads illustrated are:

e Thermatic Mapper plus 5-Band MSS - Single Axis Oriented Solar Array

e Thermatic Mapper plus HRPI - Single Axis Oriented Solar Array

® Tpermatic Mapper plus Dual 5-Band MSS ~ Single Axis Oriented Solar Array
e TM + Dual MSS Including TDRSS gimballed antenna

e Solar Maximum Payload - Fixed ’Solar Array

e Seasat Multi-Sensor Payload - Dual Axis Oriented Solar Array

These arrangements show the flexibility of the BUS concept to accept a wide variety of sensors

with little change to the basic spacecraft design.
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3.2 THERMAL CONTROL DESIGN/COST TRADEOFFS

Four basic cost trade-off questions were addressed, namely:

1. What should the temperature control range be 7
2, What type(s) of control should be used ?

3. Is standardization of implementation {i.e,, standard control elements or materials)
for all spacecraft modules cost effective ?

4. Does the design postulated readily adapt to other mission requirements ?
The first three were addres‘sed in combination after the basic cost data was derived.

3.2.1 SIZING REQUIREMENTS AND ASSUMPTIONS

The generic thermal control requirements are presented in Table 3-7. Nominal values
of the radiation parameters were used in all design trade-offs. The mission parameters
influencing the thermal design for EOS-A and other projected missions are presented in
Table 3-8. The cost criteria used for evaluating various thermal control equipment and
materials is given in Table 3-9, Properties and cost of thermal coatings evaluated are

shown in Table 3-10,

3.2.2 PERFORMANCE/COST ANALYSIS

As a preliminary step in the cost/performance analyses, verification of the heat rejection
capability of the various modules sizes, in their various locations (for the triangular and
rectangular configurations) was conducted to show that adequate heat rejection margin
exists without constraining the sizing or location of modules because of thermal con-

- straints, The nominal dissipations of Table 3-11 were used, No constraints were found.
The minimum dissipation margin was 740 percent for the worst combination of module

size/locations examined,
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Table 3-7.

Generic Thermal Control Requirements

Parameter

Requirement

o Launch Vehicle
0  Configuration
Subsystem Modules

Instrument Modules

0 Temperature Control Range
0o Radiation Parameters

Solar Constant

Delta, Titan or Space Shuttle Compatib{lity

Independent thermal control for any con-
figuration or mission

Independent thermal control with mission
peculiar configuration

70°F £ TBD

429, 0 BTU/hr. ftz + 4,3 BTU/hr, ft2 with
+3, 43%, -3. 26% seasonal variation

Albedo 0.30 ~ +0,30
=0.15
Earth IR 75.1 BTU /hr. ft2 +8,9 BTU/hr, ft22
-30, 8 BTU/hr, ft
Table 3-8, Multi-Mission Environment Parameters
Migsion EOS | EOS EQOS Shuttle SEOS | Solar Seasat 5 Band
A B C Resupply Max, A/B MSS
Altitude, nm 420 450 418 300 19,323 {285 430/324 500
Attitude @————— 3 axis control >
Orientation Earthl Earth| Earth| Earth Farth {|Sun Earth Earth
Inclination 99° | 99° | 99° 28.5° | Geo [30° |108/20° | 99° sun
Sun Sun Sun Syn,
Syn. { Syn. Syn.,
Asc Node Time | 2330 1200 2330 ——— - N/A N/A 2330/0930
Life Time 2 2 2 7 2 yrs. |1 yr, 5 yr. 1yr.
¥rs. { yrs. yrs, days
Beta Angle .5, 7.5 | .5 0° oA | o . 7.5+5°
Variation, +5. 45 5 +23.5 +90 37.5 48
degrees
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Table 3-9. Cost of Thermal Control Hardware

Cost Trade Non=- Recurring Weight Comments
Area recurring Cost
Multilayer $ 11. 0/ft2 0.10 Ib/ft2 20 layers 1/4 mil mylar
insulation aluminum both sides & 19
layers of acron mesh in
between
Mechanical $300/assy 0.09 1b/ includes one nominal, one
Thermostats assy . high cut off and one low turn
on for redundancy.
Electric $600/assy 0.6 Ib/ includes sensor and
Thermostats assy assembly redundancy
Louvers E};%OO/ft2 $2100/assy | 2.4 Ib/assy | fluid activated louver bi-
' $3000/assy | 0.9 Ib/assy | metallic activated lower
Compensation $225/ 0,8 Ib/watt includes installation cost
Heaters heater
Heat Pipe $120K 1st $43K/ 0.2 Ib/ft
module module (16 1b/
module)
Intermediate $17K/ £5100/ 7.7 b/
module module module
Table 3-10. Thermal Control Coating Performance Data
A . Specific Specific
Beginning Optical Properties Wei%)t Cost
of Life 1yr. 2 Yr, 5 YT, Ib/ft &/ft2
OSR (Optical Solar .06/.76 .08/.76 | .10/.76 .16/.76 . 095 1150,
- Reflector)
§-13G White Paint .21/. 87 .33/.87 | .38/.87 .42/, 87 . 080 25.
5 mil Teflon over .09/, 83 .12/.83 | .15/.83° .22/, 83 . 060 30,
© Bilver
Alzak .14/.75 .24/.75 | .32/.75 .40/, 75 . 030 10,
Chemglaze .92/, 96 .92/.96 | ,92/.96 .92/.96 . 030 10,
Z 306 (Black)
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Table 3-11. Module Orbit Average Dissipations

Dissipation
Module (watts)
Max, Nom Min,
ACS . 105,86 96, 0 86, 4
C&DH 153, 7 139. 7 125,17
Power 113.5 103.2 92,9

Passive Thermal Control, The next step in the analysis was to consider in detail a passive

thermal control approach for the recommended spacecraft configuration (rectangular
arrangement of modules). For the EOS-A orbit, the average heat rejection capability as
& function of radiator surface temperature for each subsystem module for five candidate
heat rejection coatings (Table 3-10) was developed. An example for the C&DH module is
shown in Figure 3-21. Degradation corresponding to a 1-year mission were used, The
black (high a/high €) coating is included be~

cause it is inexpensive and does not degrade

LOCATION 7 - CAOH MODULE

significantly with life, Table 3-12 shows ‘ .

a

ORBIT NOMINAL 400 NM, g % = 7.5

the cost for the various thermal coatings to

maintain a specified 70 TBDOF tempera-

ture range, along with the cost model. The .l |
I

i

NOMEINAL
70

26

maximum and minimum orbit average

dissipations from Table 3-11 were used 2 -

along with the coating initial and degraded

values shown in Table 3-10 for the definition

POWER DISSIPATION  G/A ~ WATTS/FT2

TEFLON/
SILVER

of heat rejection area and minimum average

power required. The minimum average 1

HEMGLAZE Z306

power required can consist of electrical .

— 1 Il J

power dissipation and heaters. When the AP TR R R E— T

SURFACE TEMPERATURE ~s °F

Figure 3-21. Power Dissipation vs,
Surface Temperature
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require d power is less than the maximum average dissipation but greater than the

minimum, compensation power is required with compensation heaters.

If the required power is greater than the maximum dissipation, solar array power is re-
quired with the associated cost penalty. The area requiréd is based on maximum average
orbif power dissipation and degraded coating properties (1 year) while the minimum average
power is based on initial coating properties. For the power module which contains batteries
with 320 to 680F temperature level requirement as well as‘electrical equipment, the
nominal temperature was set at 50°F for the tradeoff. As long as adequate heat rejection
area exists, biésing the average module temperature to a slightly lower value is more cost
effective than alternate designs using either more complex thermal control schemes or

double radiators which would result in two types of module designs per vehicle.
The results of the cost trade presented on Table 3-12 show:
1. Chemglaze does not provide adequate heat rejection for the ACS module size or

for the smaller C&DH module,

2. The minimum cost thermal control for each temperature range using any coating

is:
Total Cost Temp. Range
5 510 + 20°F
3000 + 10
5670 + B

3. Teflon/silver provides ghe most cost effective approach if only one coating is
used (except at the + 20 F range). Its cost would be:

Total Cost Temp, Range
4 800 +20°F
5300 +10
8490 + 5

4, Passive thermal control costs are small,
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Table 3-12, Coating/Temperature Range Cost Trade-off ~ Passive Design

Thermal Coating
& mil Teflon/Bllver 08H 5136 Alzak Chemglaze 2308
Tomn,
Orbil Avg . Min Beater | Avray Min Comp. Arrey Min Camp., Arcoy « | Min Comp. Array Min Comp. Arpay
Madule | Uizgipation Temperalurd Par Pwr Pwr Pwr wre Pwr Purp Pwr Pwr Pwr Pwr Pwr PwT Por Pwr
atts) Range Amed | Heq'd |Reg'd | Reg’d fCost| Atgs | Rea'd | Reqd i leo'd | Cont| Avpa | megd | Reqd | Regd | cost | Arca | mes'd | Reqi Tag'd | Cost [Arga | Bew'd | Reg'd | Reqd | Cost
bas. / blin i) )| watts)| ovuats) | warend | K8 | ) | ovattel | ovaus) | owatte) | 55 ] n®) | oWt | owaes) | owans)] KS ) E) f reatter wes) | wattar| K5 |05 | ceatts) | wattz | wety | K8
ACs 105.6/86.4 | 70420 17 | e | o 1] oza|am | na o 3 e | aha | 884 ) 0 0 023 ] se6 ear| 0 o 017 ,/’T
410 545 (1960.7 {103 v ERTE EN R A 5.9 8 605 | a2 | 10a1 ey [ wer | e fioss |10 2.2 ><\,\ ’
W 3.6 |101.0 {1n8 ] st [1ez |12 8 naelasr | nss | aer | wez {130 | see |1iee | 1oz a0 |17 ] [
cerl | 15sgsn | 10420 705 | raaa| 0 s Baif .58 ) ey | 0 I 815 ] 6 | seas| o H vz | v | saz| o a .17 |10, 53| mo.62 | B v 011
704 10 a05 [117.05] o a tst|msa [nre | o0 0 .91 481 | 1220 | o 3 nae | sez iz | 0 0 or |4t 6| o v 016
LI w53 | 13574 100 a 29 | 220 | 135,97 | 97 o 129 [ sim | 1449 | 182 ] 286 [10.75 | 2441 | 18,4 o 272 {1s.37] 0.2 o v 0.18
Power | 115.5/82.9 | 50,20 480 | 18.55) o 0 ae5) a3 | taas | o 0 safam | mas] o ] o3 | a9 | w07 0 ) oz ame| 1ss0 | e [ o7
50,10 137 | sver L7 o zardans [ sean | 1 3 8.14] 425 | B5a3 | ze [ v78 | am9 | sem] =0 0 ez s05] sz | o ’ (3}
545 198 foae |11 [ 281 488 { 183,90 | 1100 K LIELY T T N BT o 2.1 | 514 Jroae) e ) 272 | 427)i08 | B9 v ER
Casl Modal:
Com - |Humber of heaters/module | Gost/beater| [mln_ pwr req'd - mex, orblt ave, Dirs,] [Array cost/watt]| + | Area ren'a| [Coattag covt/n®
+ [Moduly area - aeu ren'df |imeutation bost/hZ] |

1) If mowule nead comp or array power, mumber heaters

2} Last/heater =$225
1) Arruy cust/ware . 1000, at low altiude and $500 a1 geosynchronous
{4} Conting cost/nt? from Table f1-10
8] Insulation cost/ft = $11.9
) Module 2rez . 16 i

(W] Coat/thermostal = $300

number of thermostats| - feost/thermacstat|

10, and munber thermostat groups = {



Alternate Thermal Control Concepts., Three alternate thermal control concepts were also

evaluated for their cost effectiveness. None were selected for the reasons shown in Table

3-13,
Table 3-13, Cost of Alternate Thermal Control Concepts
Concept Cost Remarks

Intermediate Radiators $6. 1K/module Assumes all modules use con--
cept. Excludes coatings,
heaters, etc,

Louvers 4 times passive

.Heat Pipes ‘ ' 450 to 63K/module Excludes coatings, heaters, ete.

Temperature Control Range. System cost savings can be realized if incresing the nominal

cost of the base thermal control system can be offset by other system cost reductions, such
as piece part selection, number of failures and failure reports, design simplifications,
and test cost reductions. The potential impact of these cost reductions was assessed
considering only test savings. From actual data, Nimbus/ERTS ACS module thermal
vacuum tests cost $2969/day including labor and facilities. If narrowing the temperature
control range to ‘iSOF saved two days of testing (since the temperature plateau cycling
could be reduced), the break-even point would be reached. This cost saving would be
significantly increased if more.than two dﬁys of testing could be eliminated or when other
considerations such piece part selection, failure, re-tests for failure, and failure reports
are included. Therefore, reducing the temperature control range is cost effective, and a
iSOF baseline temperature control range is selected with a 70°F nominal temperature for

the ACS and C&DHmodules and 500F noriqinai temperature for the battery module,

Alternate Missions, In order to evaluate the effect of alternate missions on the baseline

design, each mission was analyzed considering the parameters of Table 3~8. The results

are ‘presented in Table 3-14 and discussed below;

1, EQOSB a.ndC The EOS-B and C missions are essentially the same as EQS-A
even though there is a slight variation in altitude,
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Shuttle Resupply. The Shuttle resupply varies in orbit inclination, altitude, and
duration from EOS~A, There is no change in the propulsion or ACS module
designs and only slight heat rejection/compensation heater requirement changes
for the Power and C&DH modules, The Shuttle resupply mission provides no cost
impact,

Solar Maximum, The Sclar Maximum missgion is sun oriented and the module
surfaces receive no solar and minimal albedo flux, The EOS-A coatings would
result in too low temperatures for the propulsion module, and costly subsystem
module designs caused by the need to utilize array power (due to the variation in
. the heat rejection coating optical properties). Using a propulsion module coating
with high a/e's such as Aluminjzed Kapton with ( a /e = .16/, 04 = 4, 0) on the end
and gold coated (¢ /e =.30/.038 =10, ) on the circumference, a comparable cost
approach results in adequate propulsion module temperature control. For the
subsystem modules, changing the heat rejection coating from 5 mil Teflon over
silver to Chemglaze Z306 black paint (which does not significantly degrade) re-
sults in cost reductions to those comparable with the EOS-A baseline costs,

SEASAT A/B. SEASAT A/B differs significantly from EOS-A in that the sun angle
will vary throughout the mission 0% +90°, resulting in a wide range of sinks for
all equipments. The propulsion module requirements can be met using a properly
balanced coating which maintains an adequate average orbit temperature for all
Beta angles, The subsystem module control requirements required further

cost evaluation as shownin Table 3-14, The baseline coating system resulted

in a comparable cost for the C& DH module with costs increased about a factor

of three for the ACS Module and 50 for the Power Module. The wide sink vari-
ations coupled with close temperature control resulted in a requirement for
array power, causing the cost increase. Uging OSR, a much costlier coating
requiring no array power for the ACS module and less for the power module re~
sulted in a 24% reduction in the ACS module cost and 44% reduction in power
module cost. However, the power module cost is still 29 times higher than the
baseline. A louver system was shown to be about the same cost as the baseline
for the ACS module with negative heat rejection capability (not feasible) for the
power module. The nominal cost of a heat pipe system at 120K for one module
and 81. 8K each for two modules is not cost effective, For comparative purposes
the cost decrease available by increasing the temperature control range from
+5%F to +20°F was evaluated as shown for both the 5 mil Teflon/Silver and OSR
coatings, However, the reduction in test cost would offset this cost reduction.
Therefore, the most cost effective system is passive with OSR for both the ACS
and power module, '
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Table 3-14. Alternate Mission Comparison

| Shuttle
EQB Re- Solar _ 5 Band
Module Parameter EOS-A | B&C supply Max, SeaSat A/B MBS SEOS
Acs OX ORI RONE KON NON NOM RORNON KON RO, @ Q|® |06 ® |0
Area, [t2 3, 60 3. 60| 3.60 3.82 3. 65 3. 80 3,76 | 5.4 a.1% 3.33 3. 60,8, 50 5.50 4,88 | 1, 87/side 4. 58 4.2
Min. Pwr Req'd-watts 101,06 |10r.0 |101.0 |119.6 85,1 | 111.9 1100,0 (94,4 87.6 84,7 | 101, /100.6 175.5 }[144.4 25.0 I29,1 Jt0B.4
N Comp. Heater Pwr-watts 13,8 13,86 13. 6 21,2 BT 18,2 13,6 0.70 1.2 9.0 14,6/14. 6 19,2 18,2 0.0 19.6 19,2
Array Pwr Req'd-watta 0.0 0.0 l'J.lO 14,0 0,0 B, 3 0.0 9.0 0.0 0.9 a /o 69,9 36,8 0.0 23.5 Z,B
Cost, K § 2,19 2.79 2,79 | 16.8 2,72 9,09 6,89 | 8,68 2,79 4.0 2.79/2.79 37.9 25.8 120, + 14. 6 8.9
CikDH
Ared, ft2 B, 63 8,31 9.0 5, 56 5,28 8.0 7.29 4. 54 8.3/8.3 '8.0 7.25 6, 87 8.12
Min, Pwr Req'd-watts 135.74 |136,6 | 143.2 |174,1 138,8 | 143.2 87.8 5.8 | 136.4/136.6 {253.2 |210,0 188.0 (159,86
Comp, Heater Pwr-watts 10,0 10,9 17.5 28,0 12,9 10,5 0.0 0.0 10.7/10. 3 25,0 26,0 28,0 26,9
Array Pwr Req'd-watts 0,9 0.0 0.0 20,4 0.0 0,0 0.0 10.0 0.0/0.0 99. 5 56.3 35.3 5.9
Cost, K§ 2,89 2,88 2.00 ] 23.2 2.m2 2.90 0.31 5.35| 2.88/2,8B8 B2 39. 5 20,5 2,85
Power
Area, ftz 4,58 | 4.48 4, 64 4, 64 483 1ne7| 908 |= 8.65 7.20| 4.48/4,48 4, 87 4,97 B.1 4.23 4,35
Min. Pwr Req'd-waits 1049 J103.8 | 102.7 |102.7 |108.2 | 256.6 {186.0 166,8 |727,1 | 103.8/108.0 1131.9 }123.3 |26.4 101, 5 95. 7
Comp. Heater Pwr-watts 11.1 10.9 9.8 9,8 89,3 10,6 10.6 1.8 9.8 10,9/11.1 10.8 10. 6 4] 8,6 2.8
Array Pwr Req'd-walts .9 0.0 0.0 0.0 0.0 | 143.1 72,5 83.3 13.6 o /0 18,4 9.8 [ 0,0 0,0
Cost, K § 2,81 2,81 2.81 2,81 2,72] 145.8 81.2 56.2 24,5 2,851/2, 81 12.0 13.3 12.9 2,51 7.68

QREEEEO®

omil Teflen/Slver
Change to Chemglaze Z-306
Change to OSR

Change to Louvers

Control range increased to , EDOF

Centrol range inecreased to + 20°F and change to OSR coating,

Change to heat pipes with insulated top and sides open-heat pipes controllable




5, bH-Band MSS. The 5-Band MSS mission differs slightly in altitude with a range
of anticipated sun synchronous orbits. The analysis indicates no changes in
requirements from the EOS-A baseline are required and there are no cost affects.

6. SEOS. The SEOS mission is significantly different from the EOS-A baseline in
that the geosynchronous orbit with a 24-hour period results in long periods of
solar illumination followed by long periods with no external heat inputs on each
vehicle surface, Solar illumination varies both with time of day and season , In
addition, the orbital thermal control control concept must be augmented, if
required, to protect vehicle equipments during the long transfer orbit. The

~ baseline coatings will cause costs to increase by a factor of 12, This increase
is not as costly as for the Seasat mission since array power ig cheaper at
synchronous orbit. These costs can be reduced 23% by utilizing an OSR coating.
Using louvers is not feasible for the ACS and C&DH modules and provides no
cost advantage for the power module, A heat pipe system (controllable) utilizing
module side areas with insulated top surfaces is nominally too costly. Increasing
the temperature control frange from +5°TF to +20°F using either coating system
does not appear attractive when test reduction costs are included,

The following general summary of comments appears applicable to alternate missions:

1. For earth oriented vehicles in low orbits variations in Beta angle, (sun synchronous)
attitude, and inclination have no cost effects on the basic EOS-A design.

2, For vehicles with varying environments caused either by continued variation
of Beta angle or synchronous orbit, a brute force passive thermal control
approach using coatings, insulation, and array power as necessary is more
cost effective than using more complex thermal control concepts,

3.2,3 CONCLUSIONS
The foregoing analysis leads to the following conclusions for the four basic thermal

tradeoffs evaluated:

1. The temperature control range should *SOF.
2, Passive control (with heaters) should be used.

3. Some standarization of control coatings may be desirable, but is not essential
nor does it have much cost impact,

4, Follow-on missions can be accomplished by passive techniques through
selection of coating materials.
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3.3 PROPULSION SUBSYSTEM DESIGN/COST TRADEOFFS

For the purpose of this study, the EOS propulsion subsystem is defined as a system having

the combined capability of performing the spacecraft functions of reaction control, orhit
adjust and orbit transfer. All design and cost trades are performed at this combined sub-
system level thereby negating the necessity for arbitrary allocation at the functional level

during evaluation of the alternate propulsion design concepts.

3.3.1 SIZING REQUIREMENTS AND ASSUMPTIONS
The propulsion subsystem provides the spacecraft propulsive functions required for reaction
control, orbit adjust and orbit transfer. Two propulsion subsystem sizes have been analyzed

to consider both the original and revised mission definitions:

1. A system compatible with a 4, 000 pound spacecraft injected by a Titan IIB launch
vehicle, and

2. A system compatible with a 2, 200 pound spacecraft injected by either a Delta 2910
or 3910 launch vehicle.

The EOS-A mission and spacecraft parameters contained in Table 3-15 were used to derive
the requirements for the propulsion subsystem functions contained in Table 3-16.

|
3.3.2 CAND:IDATE DESIGNS
The NASA/GSFC baseline design and two alternate propulsion subsystem designs were
considered for the Titan class spacecraft. Two designs were evaluated for Delta launched

spacecraft.

NASA Basgeline - Titan. The NASA baseline propulsion system utilizes a pneumatics sub-

system for accomplishing the functions of reaction control, a hydrazine system for orbit
- adjust and solid rocket motors for orbit transfer. The NASA baseline design block diagram,
Weighf summary and thruster orientation details are defined in Table 3-17. Optimization

of the NASA baseline includes the following:
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Table 3-15. Mission and Spacecraft Parameters

] Mission Orbit
¢ Retrieval Orbit

¢ Mission Lifetime

¢ No Single Point Failure Shall Prevent

Shuttle Retrieval
) Launch Vehicle

¢ Injection Orbit

® Spacecraft Weight

418 nm Circular

Circular at 300 nm Max,

3 Years

Titan IIIB
Series

100 x 418 nm
Elliptical

4,000 lbs +
Propulsion

Delta
Series

418 nm Circe,

2,200 lps +
Propulsion

Table 3-16. Propulsion Subsystem Requirements

Reaction Control Functions
Initial Stabilization & Restab.
Backup Momentum Unloading

Orbit Adjust Functions
Inject. Error Removal - In Plane

- Cross Track
Orbit Maintenance

Orbit Transfer Functions
Mission Orbit Establishment
Retrieval - 300 nm Cirec.

- 250 nm Cire. (Alternate)
8/C Control

Velocity Trim

Titan Launch

Delta Launch

400 lb-sec
4550 lb-sec

20 fps
42 fps
1.5 fps/Yr.

531.6 fps
190.7/192. 2 fps
273.8/276. 9 ips
100% Duty Cycle
for One Engine
11/2% of SRM
Total Impulse

400 lbh-sec
2275 lb-sec

42 fps
16.5 fps
1.4 fps/Yr.

Not Req'd

Not Req'd
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Table 3-17. NASA Baseline Design - Titan

SUBSYSTEM WEIGHT

Reaction Control 2310
Tankage 126.4
Thrusters 5.6
Other Hardware 20,7
Gageous Netrogen 78.3

Orbit Adjust 173.5

|

Tankage 31,2
Thrusters 32,0
Other Hardware 14,4
Hydrazine 92.5
Pressurant 3.4

Orbit Transfer 656. 0
Motor 1 169
Motor 2 166
Motor 3 T 162
Motor 4 159

TOTAL 1060, 5 lbs

.

PROPELLANTI BUDGET

REACTION CONTRODL

ey

.a 0.1 LBF

ORBIT ADJUST

REA 75 LB

THAUSTER ORIENTATION

Initial Stabilization 5.8
Momentum Unloading 66.5
Residl_xal & Leakape 6.0
TOTAL 78.3 Ibs.
Inject, Error Removal 38,4
Orbit Maintenance 21.0
8/C Control (SRM Burn) 20.9
Velocity Trim 10,0
3 8§ Perf & Residuals 2,2
TOTAL 92, 5 Iba '
DREIT TRANSFER
Motor No, AV Req'd Prop, Wt, Mator Wi,
1 265 142 189 i
2 266.6 139 166 MOTOR
3 273.8 135 162
4 276, 9 132 159
TOTAL 548 Ibs 656 Ibs
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1. Reaction Control. The eight high thrust jets (operating at 1. 0 pound force) were
deleted since they have no functional utilify for the EOS missions. Also, additional
components such as isolation valves, filters and relief valves were added between
the pneumatic tankage and the jets in order to further define a typical preumatic
propulsion system.

2. Orbit Adjust. The quad redundant check valves were replaced by latching valves
and propellant line filiers were added to make the system more representative of
current hydrazine system designs. The system was reconfigured by deleting two
of the four propellant feed circuits and combining the yaw REA's and pitch REA's
on the remaining two circuits. Additionally the dual seat valves on the REA's were
replaced by single seat valves in order to achieve improved predictability of engine
pulse mode operation and fo reduce system costs.

3. Orbit Transfer. The four Solid Rocket Motors (SRM's) were sized such that they
would all contain approximately equal weights of propellant, The driving SRM
sizing requirement is the establishment of the mission orbit from the launch
vehicle injection orbit. Once these SRM's were sized, a circular retrieval orbit
altitude of 250 nm was selected rather than the baseline retrieval altitude of 300
nm circular.

Alternate No. 1 - Titan (Hydrazine/Solids). A variation of the NASA baseline design is

presented in Table 3~18. This design combines the reaction control and orbit adjust func~-
tions which are performed by a hydrazine propulsion system thereby eliminating the need
for a heavy and costiy pneumatic system. The hydrazine system ig further optimized by
combining the propeliant contained in four separate tanks into a single larger diameter

tank. The thrust level for accomplishing reaction control is increased from the 0,1 lb
force level of the baseline design to a 0. 25 1b force level in order to utilize a flight qualified
engine design, This increased thrust level is fully compatible with the attitude control

subgystem.

Alternate No, 2 - Titan (All Hydrazine), An integral all hydrazine reaction control/orbit

adjust/orbit transfer system, is shown on Table 3-19. The system utilizes redundant and
controllable 150 le hydrazine engines for accomplishing orbit transfer. This low thrust
level allows spacecraft stabilization during orbit transfer to be accomplished by eithér the
5 le orbit adjust engines or the 0. 25 le reaction control engines resulting in a system

which truly meets the no single point failure requirement, The system employs a propellant
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Table 3-18, Alternate No, 1 - Titan (Hydrazine/Solids)

N
BLOCK DIAGRAM S FILL B VENT
REACTION CONTROL
AND ORBIT ADJUST

PROPELLANT BUDGET
Initial Stabilization 2.3
Momentwmn Unloading 26.0
Inject. Error Removal 38.4 F&b
Orbit Maintenance 21.0 FILTER
5/C Control (3RM Burn) 20.9 :
Veloeity Trim ‘ 10,0 LATEH
i VALVE
36 Peri. & Residuals 2.9

Total 121, 5 ths KRRAARARA LD
1 2 34 5 6 7 8
[ 1 1t 12
REA - 5 LB REA-0.25 LBp
SUBSYSTEM WEIGHT
Reaction Conjrol & Orbit 191.9 THRUSTE
Adjust HRUSTER ORIENTATION
} --——a 2

Tankage 15,0

Thrusters 37.6

Other Hardware 15.3

Hydrazine 121,56

Pressurant 2.5
Orbit Transfer 656, 0

Motor 1 169

Motor 2 . 166

Motor 3 162

Motor 4 159

Totai 847.9 lbs

ORBIT TRANSFER

Motor No, AV Req'd Prop. Wi Motor Wt

1 265 142 169

2 266,86 139 166

3 273.8 135 162

4 276.9 132 159
Total 548 1bs 656 1bs
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Table 3-19. Alternate No. 2 - Titan (All Hydrazine)

Orbit Transfer

Initial Stabilization
Momentum Unloading
Inject. Error Removal
Orbit Maintenance

§/C Control {OT Burn)

3 ¢ Pref & Residuals

FILL
PROPELLANT BUDGET

Recovery Alt,
300 om 250 nm
PROPELLANT ACQUISITION

5770 687. 0 & ANTI-SLOSH SYSTEM
2.3 2.3
26,0 26,0
DRAIN
'38.4 38.4 FILTER
21,0 21,0

7
TOTALS 699.9 Ibs  816.2 Ibs - 718
3 1H 1 12
AEA -5 LB; REA - 150 LBg REA-0.25 LB,
SUBSYSTEM WEIGHT
Recovery Alt,
300 nm 250 nm THRUSTER QRIENTATION
Tankage 115.0 Dry Weight 173.8 173, 8
150 LBFREA (2} 20.0 Hydrazine 699, 9 816,2
: 3
5 LBF REA (4) 8.0 Pressurant 25,9 22,5
0.25 LBF REA (8) 5.6 Subsystem 899.6 lbs 1012.5 lbs
Total 4
Other Hardware 25,2

Dry Weight 173. 8 Ibs




slosh control, CG predictability and propellant expulsion when subjected to all orbital

mission environments.

Alternate No. 1 - Delta (Nitrogen/Hydrazine). A propulsion subsystem design utilizing

gaseous nitrogen for reaction control and liquid hydrazine for orbit adjust and orbit transfer
functions was studied for the Delta launched EOS spacecraft. A block diagram and weight
summary fbr this system is presented on Table 3-20. The system is capable of transferring
the épacecraft to a retrieval altitude of 300 nm and with‘ an increased propellant load of 59
Ibs will transfer to 250 nm, The system offers redundancy for the orbit transfer function,
however, the capability of the reaction control subsystem to supply the required backup to -
the orbit adjust subsystem is marginal at a thrust level of 0.1 1b_,, Adequate redundancy

F
could be achieved if the thrust level were increased to 0. 2 le.

Alternate No. 2 - Delta (All Hydrazine). An alternate to the nitrogen/hydrazine propulsion

subsystem is the integral hydrazine system presented in Table 3-21. The system is identical
to the 'system previously described for Titan except that the orbit transfer engine thrust level
is lowered to 100 lb F and the single large propellant tank is replaced with two smaller off-
the-shelf type tanks, These changes accomplish a more optimum and cost-effective design
for the 2,200 1b. EOS spacecraft.

3.3.3 PROPULSION SYSTEM DESIGN COSTS

Non-recurring, recurring and refurbishment costs for the three Titan IIIB and the two Delta
2910 compatible propulsion system designs are presented in Tables 3-22 and 3-23, respective
Table 3-24 presents cost data for propulsion systems compatible with a Delta launch for whict
the orbit transfer function is deleted, i.e., 'spacecraft retrieval is accomplished at mission
altitude. An all gaseous nitrogen design was included because of the small AV requirement
for this mission option. Using these subsystem cost data, cost trades based on a single
EOS-A flight and/or the total EOS program are contained in Tables 3-25 and 3-26. In all
cases the integral all-hydrazine propulsion subsystem affords the design exhibiting the lowest

cost.
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Table 3-20, Alternate No. 1 - Delta (Nitrogen/Hydrazine)

OCK DIAGRAM

REACTION CONTROL

15
1 73 4

0.1 LBg JETS

OLATIDN VALVE
FILTER
AEGULATOR

AELIEF VALVE

5

ORBIT ADJUST & ORBIT TRANSFER

BT FiLt & vent

13 14

REA - 10018

9 n 10

REA-5 LB

12

SUBSYSTEM WEIGHT BL
Retrieval Altitude
Reaction Control 300 nm 250 nm
Tankage 94, 8 0d. 8
Thrusts 5.6 5.6
Other Hardware 20,5 20,5
Gaseous Nitrogen 42,4 42,4
REACTION CONTROL TOTAL 163.3 1Ths 163. 3 Ibs
Retrieval Altitude
COrbit Adjust & Orbit 300 nm 250 nm
Transfer -
Injection Error Removal 20,5 20.9
Orbit Maintenance 7.0 7.0
Orhit Transfer 127.8 188, 7
8/C Control During O, T, 4.9 6.6
Burn
-30 Perf. & Residuals 4,0 5.5
TOTAL 164, 2 lhs 2267 lbs
PROPELLANT BUDGET
Reaction Contirol
Initial Stabilization & 5.8
Restah.
Momentum Unloading 32,5
Residuals & Leakage 4.1
TOTAL 42,4 lbs
Orbit Adjust & Orbit
Transfer
Tankage 30,0 30,0
109 Ibp REA (2) 20,0 20,0
. 8 1o REA 4) 8.0 8.0
Other Hardware 24,7 24,7
Propellant 164, 2 225, %
Pressurant 6.6 4.9
0A/OT TOTAL 253.5 313.3
PROPULSION
SUBSYSTEM TOTAL 416. 8 Ibs 476.6 lbs
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Table

3-21. Alfernafe #2 ~ Delta (All Hydrazine) ‘ .

PROPELLANT BUDGET

Infection Error Removal

Initial Stabilization &
Restab,

Momentum Unloading
Orbit Maintenance
Orbit Transfer

8/C Control During O. T,
Burns

-3¢ Performance &
Residuals

TOTAL

Retrieval Altitude
300 nm 250 nm

19.3 19,7
2.3 2.3
13,0 13,0
T.a 7.0
121. 4 176. &
4.4 8.1
4.2 5.6

171.81bs  230.3 lbs

. Tankage
100 tbF REA (2)
E
H le REA (4)
0,25 lb REA (8)
Other Components

TOTAL

HARDWARE WEIGHT

20.0

5.0

5,6

25,2

88.8 lbs

THRUSTER ORIENTATION

SUBSYSTEM WEIGHT

Propellent Weight

Pressurant Weight

Dry Weight

TOTAL

Retrieval Altitude
300 nm 250 nm

1716 , 2303
6.4 4.8
88, 8 48, 8

266.81bs  323.9 1bs

BLOCK DIAGRAM

[] k1] 0 12 13 14

REA - 5 LBy REA- 10018

DX FiLL s veny

REA.0.25 L




Table 3-22, Propulsion System Costs for a Titan IIIB Launched Spacecraft

Non-Recurring Recurring Refurbish
Design Configuration Costs (K$ Costs (K$) Costs (K$)
MNASA Bageline (GE Cost Estimate)
Reaction Control 550 235
Orbit Adjust 925 335
Orbit Transfer 100 232
Syst. Integ.. Structure, Harness 900 200
Total 1 2,475 1,002 400
Alternate No. 1 (Hydrazine/Solids)
RC/0A : 1,375 475
Orbit Transfer 100 . 232
Syst. Integ, , Structure, Harness 730 19¢
Total 2,205 B97 350
Alternate No. 2 (Hydrazine)
RC/OA/OT 1,600 550
Syst. Integ., Structure, Harness 560 . 130
Total 2,160 680 120
NABA Baseline (Boeing Cost Estimate)
Reaction Control 76
Orhit Adjust 158
Orbit Transfer 240
Syst. Integ., Structure, Harness 178
Total 5, 000 650 400

Table 3-23. Propulsion System Costs for a 2910 Delta Launched Spacecraft
Shuttle Retrieval at 300 Nm Altitude

($X 1000)
Non-Recurting Recurring Refurbish
Nesign Configuration Costs ($) Costs (§) Costs ()
Alternate No. 1 (Nitrogen/Hydrazine)
Reaction Control 525 210
Orbit Adjust & Orbit Transfer 1,320 350
Syst., Integ., Structure, Harness 560 130
Total 2,408 680 110
Alternate No, 2 (Hydrazine)
RCS/0A/0T 1,375 470
Syst. Integ. , Structure, Harness 560 13¢
Total 1,935 600




Table 3-24, Propulsion System Costs for 2910 Delta Launched Spacecraft
Shuttie Retrieval at Mission Altitude

Non-Recurring Recurring Refurbish
Degign Configuration Costs (K5) Costs (K$) Costs (K$)
All Gaseous Nitrogen Design
Reaction Control & Orbit Adjust 950 350
Syst. Imteg., Structure, Harness 560 130
Total. 1,510 460 65
Alternate No, 1 (Nitrogen/Hydrazine)
_Reaction Control 525 210
Orbit Adjust 920 200
Syst. Integ., Structure, Harness 560 130 .
Total 2,005 540 80
Alternate No. 2 (Hydrazine}
Reaction Control & Orbit Adjust 970 320
Syst. Integ., Structure, Harness 560 130
Total 1,530 450 65

Table 3-25. Propulsion System' Cost Trade for a Titan IIIB

Launched EOS Spacecraft

Copting Assumptions
NE - Includes Qual Unit
REC. - Four Flight Units
REF - Relurbigh Flight Units for 10 Addit, Flights

MNop-Recurring Recurring
Design
HNASA Baseline {Boeging) 5, 000K GROK
{CE) 2, 475K 1, 002K
(Lowest) 2, 475K 650K
Altornate No. 1 (Nall.l & Solid) 2, 205K L
Alarpate No, 2 (N2H4} 2, 160K BSOK
- Total System Cost
MNASA Baseline (Boecing) 5,000 + 4 { 850) + 10 (400} = 5,000 + 2,600 + 4,000 = L1, 600K
{GE) 2,475 + 4 (1002} + 10 {(400) = 2,475 + 4,008 + 4,000 = 10, 183K
(Lowest} 2,475 + 4 { 850) + 10 (400} = Z, 476 + 2,600 + 4,000 = 9, 475K
Altermite No, 1 2,205 +4 ( 897} + 10 {350} = 2,205 + 3,588 + 3,000 = 9,203K

{Nzﬂ4 & Solids)

Altornate MNa, 2 (N2H4) ‘

2,160 +4 ( 6RD) 4 Lo (120) = 2,160 + 2,720 + 1,200 = 5, 0BOK

fReflurhish

400K
1008
400K

450K
L2UK

EUS A
One Fiight

5, 650K
3, ATTH
3, 126K

3, 102K
2, 330K

Total Prog

11, 6M
10.5M
9.1M

9.3M
G, 1M

Note - These costs do not include added coets te solid moter systems to aceommodate range of missions after EOS A
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Table 3-26, Propulsion System Trade Summary for a Deita Launched
EOS Spacecraft

Coating Assumptions
MR - Includes Qual Unit
REC - Four Flight Unite

REF - Ref. Flipht Unifs for 10 Add Flts. Costs In M$
E0s A
Non-Recurring Reourring Refurbish Upe Flight Taotal Drogram

Design
Retrisval al Mission Alt.

Al Gaseots Nitrogen 1.510 - AG0 065 L, 970 4,000

' Alternate No. 1 (Nitrogen/Hydrazine) 2.005 i . 540 08O 2,945 4, 465

Alternate No. 2 (Hydrazine)} 1.530 . 460 . D65 1.980 3950
Retrieval at 300 Nm Alt, .

Alternate No. 1 {Nitrogen/Hydrazine) 2,405 . Bac 110 3,095 R.265

Alterpate Ne, 2 fHydrazine) 1.935 - G0g . 100 Z.538 5.335

3.3.4 PROPULSION SUBSYSTEM SELE CTION

The evaluation criteria used in performing the EOS propulsion system design trade are the

following:
1. Cost
2. Weight

3. Mission Felxibility

4. Growth Potential

5, Development Risk

6. Reliability and Simplicity
7. Shuttle Compatibility

8. Design Modularity
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9. System Safety

10. Impact on Vehicle & Other Subsystem Design

Evaluation and ranking of the alfernative propulsion system designs is contained on Table

3-27. The evaluation is made on a numerical basis with the number 1 being the best.

Table 3~-27. Propulsion System Evaluation and Ranking

Titan Confipurations Delta Cenligurations
All Gaseous R
Evaluation Criteria MASA Baseline Alternate No. 1 Alternate No, 2 Nitrogen Alternate No, 1 Allernaic No. 2
System Cosl 3 2 1 1 2 1
System Weight 3 1 2 3 2 1
Mission Flexibility z 2 1 F Z 1
Growth Potential 2 2 1 3 2 1
Developmen! Risk 1 i 1 1 1 1
Reliahility & Simplicity 2 2 1 1 2 1
Shuitle Compatibility 1 1 1 1 1 1
Design Modularity 1 1 1 1 1 i
System Sefety 1 1 1 1 1 1
Vehicle Design mea.ul.‘:: 2 F4 1 1 1 1
Overall Hank B] 2 1 2 2 1

The Alternate No. 2 design is selected as the preferred proﬁulsion gsystem for either the . _
Titan or Delta launched spacecraft. The significant factors which led to the selection are

as follows:

1. System Cost. Lowest cost of the designs.

2. Design Modularity. System is readily adaptable to either the Delta or the
Titan/Atlas family of launch vehicle constraints.
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Growth Potential. The propellant tankage is sized such that the mission propellant

load can be increased (depending upon the type of pressurization system design)
over mission propellant requirements,

Misgion Flexibility, Mission and retrieval altitudes can be changed (within tankage

capacity limits) during the course of spacecraft development with no impact upon the
propulsion system design.

Shuttle Compatibility. The all hydrazine design is the only desipgn presented that

meets the no-single point failure for shuttle retrieval requirement,

Development Risk. Except for the orbit transfer engines, all hardware pfoposed

for the all hydrazine design has been developed and qualified for other spacecraft
programs. Large orbit transfer engines are presently being developed by multiple
suppliers and should present no development risk.
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3.4 WIDEBAND COMMUNICATIONS AND DATA HANDLING DESIGN/COST TRADEOFFS

The design/cost tradeoffs considered can be catagorized into two areas; first, internal cost
optimization tradeoffs primarily affecting the wideband communication and data handling suhb-
systems and second, system level tradeoffs which have impact across several subsystems.
In the first category, cost tradeoffs were conducted to (1) examine alternate modulation
schemes, (2) tradeoff high power versus low power modulation, (3) cost optimize power
‘amplifier and antenné gaing and (4) consider techniques to improve link performance, A
fifth cost study considered the cost and type of redundancy. In the second category, three
major areas were investigated; (1) the impact of various data rates to low cost user stations,
(2) the impact of TDRSS versus on-board recording, and (3) the impact of various system
considerations on wideband handling and compaction, These tradeoff areas are discussed in

order in the following sections. The requirements and aSsumptions used in these tradeoffs

include:
Operating frequency ~ X-Band: 8. 025-8,40 GHz
STDN link data rate 240 Mbps (nominal)
LCU link data rate 20 Mbps (nominal)
Bandwidth (both STDN & LCU) 375 MHz

C.C.1, R. Power Flux Density limitations

3,4.1 MODULATION TRADEOFFS
The cost/performance implications of four modulation techniques were evaluated for both

the NASA STDN and the low cost user links. These candidate techniques are:
PCM/FM - Pulse Code Modulation/Frequency Modulation
QPSK - Quadriphase Shift Key
BPSK - Bi-phase Shift Key

MSK - Minimum Shift Key

A block diagram of each technique examined is shown in Figure 3-22,
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PCM/FM, This modulation method is employed on the ERTS wideband link. The AFC
loop, used on ERTS, was deleted in order to decrease cost and power consumption. As
such the hardware may be considered "space proven' and not require requalification for
EOS, Measured data confirms that with an RF bandwidth to bit rate ratio of 1.3, a 10~9
BER is obtained with a S/N ratio of 14 dB.

QPSK. The QPSK modulator consists of a pair of summed BPSK modulators in phase
guadrature. The demodulator is a modified "costas' loop. The approach shown will handle
two asynchronous dataz streams. Equipment has been developed and evaluated at bit rates
of 1000 Mbs, four times the EOS requirement. A computer simulation developed by GE and
analysis which considers worst case hardware anomalies (AM/PM conversion, phase and
amplitude unbalances, bandwidth limiting, etc.) predicts a 10~ BER at a S/N ratio of 13.4
dB and a bandwidth to bit rate ratio of 1. 1,

BPSK, This modulator is obtained by removing one DBM from the QPSK modulator, The
demodulator is a "costas' loop. As in QPSK, equipment has been demonstrated at bit rates
of 1000 Mbs, The bandwidth required is much greater than QPSK. Equipment has been
demonstrated that yields a 10~° BER at a S/N ratio of 12 dB and a bandwidth to bit rate

ratio of 1, 5.

MSK. A number of MSK implementations are available in the literature. None have been
reported reduced to practice at a 240 Mbs rate. Birch's (1) MSK modulator /demodulator is
shown in Figure 3-22, The modulator provides cosine weighted amplitude modulation of
phase-orthogonal carriers required for MSK. In tﬁe demodulator f1 and f3, the two FSK

sidebands, are used to demodulate the I and Q channels.

It is estimated that a 10~5 BER may be obtained at a S/N ratio of 12.5 dB and at a bandwidth
equal to the bit rate, This based on the assumption that bandwidth limiting will have a

negligible effect on the MSK spectrum under these conditions.

(1) J. N. Birch, "Comparison of Coherent and Non-Coherent Detection of Phage, Continuous
Binary FM Signals, " ITC-72, p20D-1 to 20D-6,
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Figure 3-22, Alternate Modems
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Evaluation and Recommendation, Table 3-28 summarizes the performance and cost results

of the tradeoff, Given the fixed bandwidth restriction of 375 MHz and the data rates indicated
it is very desirable that the 240 MBS modulation candidates be highly conservative of RF
bandwidth. BPSK may be eliminated immediately and PCM/FM leaves little guard band
between NASA STDN and LCU links. QPSK is recommended for the 240 MBS link since the

modest performance improvement does not justify the increased cost and risk of MSK,

Bandwidth eonservation is not critical in the LCU link since it occupies a relatively small
portion of the total. Cost and availability are better criteria. This suggests BPSK or PCM/
FM for the LCU., PCM/FM is recommended since the performance is roughly equivalent

to BPSK and cost/risk factor is considerably less.

3. 4.2 HIGH VERSUS LOW LEVEL QPSK MODULATION

Figure 3-23 depicts a QPSK modulator/amplifier where modulation is performed at a low
level (1-5 mw) and the signal amplified to the 1to 5 watt range with a power amplifier,
This approach is well within the "state-of-the-art.' The equipment, exclusive of the TWT
and filters, however, will have to be reduced to flight qualified hardware at an estimated
cost of $ 360-K, Recurring system cost including power amplifier and filter is ¢ 138-K.

Power required is about 25 watts,

Figure 3-24 shows an approach which modulates the high level signal generated by an in-
jection locked high level GaAs diode X~band oscillator. No power amplifier or up con-
vertor is required. Present performance estimates show that a 20% efficiency is ob-
tainable from a 8.5 GHz source at a 5 watt level, It is anticipated that greater efficiencies
will be achieved in the future. However, overall performance has not been demonstrated,
No diode switch is available at present to handle the power level/data rate so that a con-

siderable technology development is necessary.
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Table 3~28, Modulation Performance/Cost Summary

Performance ROM Modulator
Comparative RF Spectrum Cost (Redundant)
Parameters Attenuation
RF with Frequency
Modulation Band- 8/N on
Candidate Width 1079 BER {Random Data} Remarks [Recur Recur Conclusion
PCM/FM 1.3 BR 14 dB 1 ERTS 195 K 62 K Lowest cost, Qual-
D=40.7 A& 15 MBS ified hardware &
space proven per-
formance (ERTS).
< B. W, BPBK
Power =5, W, MSK. Re-
=7.1W commend for LCU
gince B.W. & S/N
not significant
cost impact.
QPSK 1.1 BR 13,4 dB 1 Computer 360 K B8 K Lower cost, less
A2 Simulation ‘complexity, & less
& Analysis risk than MSK.
8lightly poorer
performance.
Proven hardware
Power at 1 GHz. -Recomm,
=8 W for 240 MBS link,
May accommodate
asynchronods data
stream.
BPSK 1.5 BR 12 dB L Estimate 300 K 75 K Highest B, W, ;
Al 8/H, 2.4 best 5/N, Not
dB implem- recommen. for
entation either link,
margin}
Power
= 6.0 W
MSK BR 12,5 dB 1 Estimate 1to 175K Modest potential
A S/N ¢,9dB [1.5M perform  Im-~
prove over QPSK,
QPSK More complex,
with B. W, highest cost &
limiting greatest risk.
. Unproven hardware
Power at 240 MBS, Will
»QPSK not accommodate
asynchronous data
stream.
Af = Afrom carrier BR = Bit Rate
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Figure 3-24, High Level QPSK Modulation Approach
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An all solid state modulator at high RF levels appears attractive because of its simpoicity.

It could offer a power and recurring cost savings. However, it is not possible at this time

to reliably estimate the cost of developing this modulation technique at 8 GHz and at a 240

Mbs rate. One million dollars is probably conservative. Thus the low level mod/amp is

recommended.

3.4.3 POWER AMPLIFIER VERSUS ANTENNA GAIN

A given EIRP may be achieved by employing a wide range of power amplifier /antenna com-

binations; since EIRP = Ggpt x Pamp. However, the higher gain antenna will require greater

positioning précision and more complex deployment. Higher power amplifiers cost more

and consume more spacecraft bus power. It is desirable to investigate the most cost-

effective equipment compliment necessary to yield the required EIRP,

A limited choice of space qualified TWTA's is available in the & to 8.5 GHz region, Three

are available which meet requirements without modification. These were used to synthesize

system design costs as shown in Table 3-29. Antenna drive mechanisms and deployment

cost varied with pointing accuracy and size, A Delta launch vehicle was assumed in estim-

ating antenna storage/deployment costs. Minimum total system recurﬁné cost is achieved

for the nominal 3.3 watt amplifier and 1.7 ft. (5. 5¢ beamwidth) dish,

Table 3-29, System Design Costs

Antenna /Drive
i Total System.Cost

| Power Amplifier Deployment otal System.Co
Power Recurring Spacecraft Pointing Recurring | Recurring
Output Cost Power ‘Size Accuracy Cost Cost Non-Recurring
(watts) ($K) ($K) (ft.) (deg. ) (4K) ($K) Cost

1 55 3.3 3 0.3 271 329 highest
3.3 80 11 1,7 0.55 207 298 middle
22 . g0 73 0.7 1.4 178 341 lowest
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3.4.4 WIDEBAND LINK PERFORMANCE PARAMETERS VERSUS COST

In any real system the components and devices handling the QPSK signal will cause some
degradation. Table 3-30 summaries the various sources of degradation and gives an es-
timation of the expected magnitude based on currently available hardware. It is desirable
to consider whether it would be more cost effective that these signal impairments should
be improved at the source, compensated for by increasing transmitteci power or equalized

in some manner at the ground station receiver,

An inspection of Table 3-30 shows the main sources of degradation are due to the filtering

and bandwidth limiting operations as follows:

Total Transmit Filter ~ 0.9dB
Total Receiver Filter - 0.9dB
Bandwidith Limiting - 0.9dB
All Others - 1,1dB
Total (1.75 + 2, 05) - 3.8 dB

Filtering degradation may be improved to some extent by relaxing the filter requirements.
This however, would have little cost impact since relatively little cost differential exists
between filter types. One may only gain significant cost savings by eliminating the filters
entirely and this would not be acceptable since interchannel crosstalk and out of band

spurious requirements could not be met.

The equalization of filter characteristics (amplitude ripple, parabolic phase and cubic
phase) has been demonstrated. This technique is also effective in reducing AM/PM con-
version and modulator and demodulator phase errors. Furthermore, equalization may be
made adaptive and thereby remove time variations in these parameters. It is estimated that
a five section adaptive equalizer can improve the S/N degradation of the EOS link by around
1.7 dB. Such a unit incorporated at the ground station would cost ROM $ 10-K, This would
allow a spacecraft power reduction of from 4,0 to 2.7 watts. This in itself does not justify

the cost. However, adaptive equalization may allow selection of a less expensive power
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Table 3-30. QPSK Link Degradation Summary

Degradation Source Trapsmitter Recedver
Degradation Degradation

Bpecification (dE) Specification (dB)
Short-Term Freq. Stability 1 deg rms, {4,056 1deg rms, 0.05

500 KHz PLL 50¢ KHz PLL
Phase Jitter Due to Thermal Noise - -— 1 deg rms 0.05
Static Phase Error -- - + 2 deg 0.19
Modulator Phase Unbzlance +2.5deg 0,15 2 1
Modulator Amplitude Unbalance + 3% Neglif, - -
Modulator Rise Time 0.1x 0,25 - -

aynbol

periad |
AM/PM Conversion Factor 6 deg/dB 0,20 - --
Bandwidth Limiting and Data 300 MHz - 300 MHz 0.80
Deétector Mismatch {min) {min) .
Amplitude Varirtion 1dB Tilt Neglig, 1dB Tilt Neglig.
(over + 120 MHz) 1.5 dB p-p 0. 15 1.5dB p-p 0.15

Ripple Ripple
Parabolic Phase 15 deg 0,25 15 deg 0.25
Cubic Phage 15 deg @, 15 15 deg ¢, 15
Phaae Ripple 12 deg 0,35 12 deg ¢. 35
Data Asymmetry R L1 4,15 - -
Clock Stebility 6 deg rms, 0,06 6 deg rms, 0.05

. 10 KHz PLL 10 KHz PLL

Data Synchronization Skewed 0.5 Included - -

bit + 0.25 - fn AM/DM

bit Factor
Total Degradation 1,75 dB - 2.05 dB

amplifier and may be an effective means for increasing link margin for certain hardware

impairments that change with time,

3.4.5 IMPACT OF REDUNDANCY _ON WIDEBAND SUBSYSTEM COST
The cost of various levels of redundancy in the wideband subsystemlw‘ere examined. The

alternate configurations are shown in Figure 3-25.

Configuration No. 1 shows the minimum equipment required for two independent RF links,

240 Mbs and 20 Mbs, NASA station "handover" requires antenna slew and reacquisition

with attending data loss,

Configuration No. 2 includes four latching circulators allowing either modulator to use
either link, however, cross-link operation is not simultaneous, This allows for a rapid
"handover' since antenna A may be pointed while antenna B is available for LCU stations,

A time shared backup is available in the event of a gimbal or TWT failure.
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Configuration No, 3 offers an additional capability. It allows cross link operation to be

simultaneous,

Configuration No. 4 backs up TWT failures in either link with 2 third TWT.

Configuration No, 5 (not shown) employs redundant modulators added to Configuration No, 4.
The ROM delta costs of each -configuration over the baseline are summarized in Table 3-31,

,The power consumption and weights are shown for reference, Configuration No. 3 is

recommended since the capability offered is attractive for the modest cost incurred.

Table 3-31. Redundancy Cost Summary

Delta
Recurring Costs | Power Weight
(¢ K) ‘ (watts) {pound)

Configuration 1 Non-Redundant REF REF REF
: Slow handover
No backup modes

Configuration 2 Mod Switching 15 0 3
Time Share BU
(TWT & Gimbal)
Rapid handover
No Mod BU

Configuration 3 Mod Cross Switching 22 0.0 4.8
: Time Share BU
Rapid handover
No Mod BT

Configuration 4 Redundant Except ' 137 15,3 18.1
Mods ‘
All (3) plus TWT
BU

Configuration 5 Fully Redundant 222 30.4 27,1
“All @) + Mod BU
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3.4.6 IMPACT OF LCU DATA RATE ON WIDEBAND SUBSYSTEM COST

The total bandwidth available (375 MHz) is apportioned between the 240 MBS and the com-
pacted, nominally 20 MBS, data. The cost impact of compacted data rates in the range of

8 to 40 MBS have been assessed assuming the 240 MBS rate held constant. The approach
used was to establish the delta costs to go to either 8 or 40 MBS from a 20 MBS I;ase design,

Baseline System Requirements and Assumptions. Figure 3-26 illustrates the baseline fil-

tering configuration required to meet the output of band spurious and cross talk require-

ments. The following analysis, results and assumptions apply:

1. 240 MBS modulation is QPSK and LCU modulation is PCM-FM.,
2. Antenna gain is constant for the LCU link and the same as the 240 MBS antenna.

3. RF isolation between links is achieved by bandpass filtering at the modulator out-
put (as opposed to pre-modulation filtering),

4. 240 MBS link to LCU cross talk is based on a 1010 ... pattern (worst case) in
the 240 MBS link.

5. A 5 pole 0.1dB cheby-chev filter is required for the 240 MB link.

5. A 4 pole 0.1dB cheby-chev filter is required for the 20 MB link.

I_,_ 375 MHZ ___,l
LCU FILTER

240 MBS

10db

FILTER ,l—f:_—-_'-_‘: —_ _';_T\J{/ OUTPUT -
\ I} FILTER

/1
/" N A OUT OF BAND SPURIOUS
‘\./ —18dB,/OCT

L.CU SPECTRUM

QPSK SPECTRUM SIDE BANDS (FUNDAMENTAL +3RD HARMONIC
RANDOM MODULATION (1010 MODULATION)
SINX 2

X

Figure 3-26. Interchamnel Filtering Requirement
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8 MBS Rate. Assuming that the required bandwidth is proportional to bit rate then the
new bandwidth is 12 MHz, This allows elimination of the LCU filter, however a wideband

filter is still recommended, The power reduction (0. 16 watts) is negligible.

40 MBS Rate. The required bandwidth is 60 MHz and since%é’-_K one may either increase

the LCU station antenna, and/or decrease the receiver noise temperature to accommodate
the reduced ground PFD, or increase the spacecraft power by 3 dB, An increase in Py
to 0.8 watts appears well within the capability of the lowest power space qualified TWT

available. This therefore appears to be the lowest cost route.

The increase in bandwidth will however introduce an additional filtering problem and require
narrowing of the 240 MBS RF spectrum. The inclusion of polarization isolation (15 to 25 dB
cross talk improvement) is very attractive in this case to alleviate the filtering requirement.
Thé significant cost impact, however, involves the development of a space qualified PCM -

FM modulator at 40 MBS.

Cost Comparison. Table 3-32 shows the total cost deltas (with recurring and non-recurring)

for the cases analyzed., Assuming PCM-FM modulation using an existing modulator, costs
will vary only slightly for data rates within the capability of this equipment. Modulator

development cost will be incurred above 20 MBS,

Table 3-32, Cost Comparison

Bit Rate B.W, B. W, Power
LCU LCU 240 MBS P; (w) '
(MBS) {MHz) (MHz) LCU ‘A Cost
3 12 295 0.16 -TK
20 30 280 0.4 Reference
40 60 280 0.8 + 310 K
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3.4.7 IMPACT OF WBVTR/TDRSS

An assessment was made fo determine the added wideband subsystem complexity/cost to
provide global coverage capability using either on-board WBVTR's or a TDRSS relay link,
The baseline was assumed to be a direct satellite to ground station configuration, Payload
complement and number of WBVTR's used are based on the revised mission definition and

GSFC guidelines.

The solid line potrtion of Figure 3-27 shows the WBVTR configuration for an instrument com-
plement of one TM and one MSS. TFor the "operational' part of the system real time or
stored MSS data is transmitted to a DOI station either at Sioux Falls or Alaska using a steer-
able high gain dish. The baseline system simply requires deletion of the two 15 MBS tape
recorders and some of the switching., The "R&D' part of the system transmits TM data to
one of the STDN sfations at either Goldstone, Alaska and NTTF thru a second steerahle

high gain antenna, Compacted LCU data is transmitted thru a fixed shaped beam antenna.
The 200 MBS High Density Multitrack Recorder (HDMR) is deleted for the baseline con-
figuration. Capability for switching either compacted TM or MSS data into the LCU link is
also provided, The STDN and DOI data paths are cross-strapped as shown. The TM plus

2 MSS configuration requires the addition of the equipment shown in the dotted lines of

Figure 3-27 for either the baseline or WBVTR version,

Figure 3~28 shows the TDRSS configurations for either of the two payload complements,
An assumption was that back-up real time capability must be provided in addition to the

TDRSS links.

Frequency multiplexing is employed to combine TWTA outputs. Digital multiplexing prior
to RF amplificatibn is being considered as an alternate since it will be more conservative

of bandwidth and reduce the number of TWTA's required,

The TDRSS spacecraft will provide two steerable 12 foot antennas, each equipped with dual
S- and Ku-band feeds. The means by which TDRSS acquires and tracks EOS is presumed

to be via open loop pointing while a ground station computer controlled scan with AGC

3-70



T4-8

GOLDSTONE
MTF, N.M,

T™

SHAPED
-~ BEAM A 480

.’/I \\\ _n ﬂ

S
120MBS wT
I )
o VM T1 GPSK ol TWTA BP STDN
1 afp €| MoD %-BAND FILTER 1.7' DIsH
1 I W -
20 MBS ‘
- DATA ai PCMIFM _@ o MPX TWTA . BP | _Ix
COMPACT MOD X=-BAND FILTER
30 W
SH) G
15 MBS | n
51 pcwem 1d3 ! WA Y S
MSS w *| X-BAND -
o : $1 | T 1 BP Dol
1T | PCMFM F—_—— e — — | TWTA LS:)LI FILTER 1,7 DISH
—ad €1 #2 [~ ™ 3 48 | X-BAND
- L e L ko g
| 4
| [ GIMBAL
| |
I j S TR | TR | TR POWER
: MSS : w ez | a3 SUPPLY [+— BUS
2 J
[]
H SWITCH )

ADDITIONAL MSS SHOWN DASHED

Figure 3-27, Baseline
(TM +1 MSS & TM + 2 MSS)

MSS #2 T™M
COMPACT
SIQUX FALLS
& ALASKA

L
£
[
bt h]

LS
MSS #1 MS5 #2



» 900d d0

1

d TVNIOIO

TWTA B.P.
u ALTER

TDRSS

DIPLEX 8' DISH

. Y /W\
TWTA 3W I

Ku I MONCPULSE ‘—“ MSS NO,1 TM MSS NO, 2

VE L

vic — N RECEI

ALY -

W FOV

W

ZL-g

STDN
QDsK TWTA ] B.P, 1.7 DISH
|M;’é MOD 3dB | xBAND [ZW \ ‘ FILTER : !
i } \
GIMBAL
DATA PCM/FM MEX \ \ ‘ SHAPE% BEAM
COMPACT MOD W

SOW\\ MES RO, 2 MSS NO, 1

j

|

|

H } - ;(r—\'g:un “ FIBL::éR ——-‘—X

= <~ |

O« ||

I |

l ]
|
|
|
[
|

\ f\,"ﬂ‘\f\r-\
™
* E/C \ COMPACTED
3 \ \
o \
r VN
PCM/ i i QAW \ \
w3 Rl = T e R
: : B.p, Dot
— T } | MFX s FLTER 1.7' DISH ~
" Pew | - — .. — ' ﬁ S \\‘n
l;ﬁss e Lo ! -}_—_“—_'—"—J r-ads-l—_j TwTA _I I—TJ MSS)'};O.I MSS NO 2
gl e e e ————— — " —— X—BANDJ__ -
- ——t 0w
$
‘ POWER '

SUPPLY BUS

Figure 3-28, TDRSS
(TM + 1 MSS & TM + 2 MSS)



monjtoring will provide fine pointing. The AGC is derived by measuring user signal strength
during the programmed scan. A wide beam, carrier only, user beacon would probably

be required. An alternate to the AGC monitored fine pointing would be monopulse tracking.

A number of alternates are available by which EOS acquires and tracks TDRSS. An antenna
beam search by EOS could be used if the known TDRSS position does not preclude this,
However, if a 0.5 degree heam at Ku-band and a 3.5 degree beam at S-band is assumed then
open loop steering at Ku-band would appear difficult indeed, but could be achieved at S-band.
One approach would be to acquire TDRSS at S-band and use monopulse for fine pointing,
Another method would be to use a defocussing feed at Ku-band (which essentially broadens
the beam) and thereby acquire and fine point at Ku-band. An error hudget of open loop

pointing variations will be required to finalize an approach,

Table 3-33 summarizes the relative cost, weight and power impacts for the alternafives
considered relative to the baseline of a real time TM plus 1 MSS configuration, The WBVTR
approach to global coverage is significantly heavier and demands more power than the TDRSS
approach. Recurring costs are not significantly different, but development cost for TDRSS
are much larger than the WBVTR approach. Further, there are far more development

risks involved.

3.4.8 WIDEBAND DATA HANDLING/COMPACTION

The basic function of the wideband data system is to multiplex and digitize the analog sensor
signals from the HRPI and the TM instruments, All the data will be gserially transmitted
over a wide band data link while about 1/8 of the data is selected dependent upon mode of

operation, and sent via a narrow band data link to the Low Cost Users (LCU).

The baseline approach, as defined in the Radiation, Inc. study reports, was examined to
determine the impact of changes to several of the significant system parameters used in

those studies. The areas examined and the conclusions are summarized below:
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Table 3-33. ROM WBVTR/TDRSS Relative Impact Summary

Weight Power Cost ($K)

Configuration (pounds) (watts) NR R
TM + 1 MSS

Real Time Only REF REF REF REF

Global (WBVTR's) 355 315 2020 1470

Global (TDRSS) 101 182 4960 1453
TM + 2 MSS

Real Time Only 16 5 100 141

Global (WBVTR's) 448 3086 2520 2021

Global (TDRSS) 130 107 4960 1754

Quantization, The impact of 6, 7, or 8 bit quantization was considered. Aside from the

obvious 14% data rate/storage impact, which is estimated to change power and recurring
cost by about the same percentage, no significant impact was found assuming the A/D con-

version accuracy remained the same,

Sampling, Pixel oversampling in both the along scan and across sean direction were con-
sidered ’over the range from 1 to 1.6 samples per second, Results indicate a very signi-
ficant cost, weight and power impact over this range, For example, a power increase
from 30 to 50% and a cost and weight increase from 20 to 30% was the estimated impact

of increasing the data rate due to an increase in in-track sampling from 1.0 to 1.6. Thus,
justification for oversampling must be strongly substantiated. (Section addresses the over-

all system impact of sampling frequency).

Compactor Modes. Various compactor modes for both TM and HRPI were congidered,

Their jmpact can be considered by the type of compaction as follows:
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Mode . ™ HRPI

Reduced Resolution : Minimum Moderate, depending on design
Spectral Selection Minimum Minimum
Reduced Swath Severe - N/A

The reduced resolution modes assume the reduction ratio to be an integral multiple of the
number of detectors per band. Swath reduction always requires Iafge memory irrespective

of the type of scanner and thus impact is guite severe.

Integral Compaétor. A design which integrates the compactor functions with the sampling,

multiplexing and A/D functions was examined, (The Radiation, Inc. compactor study assumed
. all compacter functions to be separate and downstream of the serial 120 MBS data stream).
Estimates indicate about a 50% reduction in total power (from 80 to about 40 watts) if the

compactor design were integrated.

On-Board Correction. Various tradeoffs were considered for on~board vs. ground radio-

metric and geometric corrections for the various instruments. These have major impact

on the baseline design and are discussed in Section 2 of this report,

Instrument /Wideband Data Handling Interface. The Radiation, Tne, baseline design provides

for processing both instrument video data (via many analog lines) and instrument housekeeping
telemetry data (bileval data), and merging these into a composite bit stream. The desired
data, from a ground processing point of view, is ''video' data with specific anciliary data.
Some of this ancillary data will be derived from instrument housekeeping data; others will
not, Thus, the recommended interface to both the Instruments and to the Wideband Data
Handling Subsystem for housekeeping and ancillary data (serial digital commands) is the

standard remote decoder/multiplexer,



3.5 POWER SUBSYSTEM DESIGN/COST TRADEOFFS

The major cost tradeoffs in the power subsystem area has been toward the evaluation and
selection of the preferred subsystem approach from three candidates. Consideration has also
been given to the selection of fixed vs. oriented and rigid vs. flexible solar arrays. In addition

the subsystem approach for EOS-A was evaluated for follow on mission accommodation,

3.5.1 REQUIREMENTS AND ASSUMPTIONS

The power subsystem consists of the equipment housed in the Power Module plus the mission
peculiar solar array and related drive and power transfer. Since two different types of im~
plementation are ibeing considered, the bus requirements of Table 3-34 are given for an un-

regulated supply and also for a regulated Direct Energy Transfer (DET) system,

A typical load power demand profile for the EOS-A mission was compiled and shown in Figure

3-29, The total daily experiment operating time was averaged over the number of orbits

Table 3-34. Power Subsystem Bus Voltage Characteristics

For For
Unregulated Subsystem Regulated DET Subsystem
Parameter Implementation Implementation
Voltage (nominal) + 28 vdc + 28 vde

Regulation
Ripple

© Line Drop

Source Impedance

Normal Load Switching Transient

Power Regulator Failure Transient

£ 7 vde max
= 500 mv, peak-to-peak
5 Hz to 100 KHz

Not specified

< 0,15 ohms, 1 Hz to 5 KHz
= (0,50 ohmg, & KHz to 100 KHz
= 1.0 chms, 100 KHz to 1 MHz

< + 1 vdc for 100 ms or less

Naot specified

+0,3 vde {1 ampere to full load) including

operating temperature and life.

< 100 mv peak-to-peak

Round trip from Power Module to using

subsystem shall be < 280 mv, except
loads over 100 w shall be < 500 mv,

=<{,1 ohms, DC to 10 KHz

< + 2 vde with total energy
< 100 p volt-sec

All subsystems shall be capable of sur-

viving a bus voltage transient < + 5 vde

with a total energy = 100 g voli-sec or

< -10 vdc with a total energy < 250 i volt-sec
Fault correction All subsystems shall be capable of surviving
a transient voltage drop down to 15 vde for
< 130 maec,

All subsystems shall be capahle
of gsurviving a transient voltage
drop to 20 volts or increase to
39 volts for <100 msec,
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Figure 3-29, Load Power Profile for EOS-A

per day to yield a typical operational orbit. This orbit is divided into seven phases to accurate-
ly account for the peak load periods which may result in load share battery discharge during
the daylight portion of the orbit. Table 3-35 summarizes these loads for a regulated bus im-

plementation,

For an unregulated bus the load demands will be higher because of additional preregulation in
the user loads. On an orbital average load basis the regulated bus approach is estimated to

have 7 percent less demand,
3,.5.2 ALTERNATIVE CONSIDERED

Baseline Design. The Baseline design uses the basic OAO-C power subsystem components

which include the Power Regulation Unit, Power Control Unit, Diode Box and Battery. Figure
3-30 shows a simplified functional block diagram of this approach.
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Table 3-35. EOS-A Load Power Demand for Regulated Supply Voltage

Operationai Real Time Data
Mode Read-out to
WBVTR Record Ground Stations Real Time Data
Operational WRTVR & Real Time to and o Low Cost Sensor Read-out to Low
Average FPlayback Low Cost Users Users Warm-up Cost Users
Subsystem Launch Base Load {6 min) (6 min) {3 min) (15 min) {3 min}
Attituds Control 8¢, 118, 118, 118, 11B. 118, 118,
C&DH 105 120, 120, 1249, 120, 120, 120,
sCCM 5. 85. 85, 85, 8s. 85, 85.

" Reaction Control - 20, 2. | 20, 20, 20, 20,
W/B Comm - - 473, 464, 330, 12, 255.
Experiments ° 21. aT. aTt. 210, 210, 132, 132,
Subtotal 211, 380, 803, 987, B33, 473, 680,
Diatribution Losses 4. 8. 14, 19, 17 8, 14,
Power Module ib, i5, 15, 15, 15, 15, 15,
Total 230, 403, 834, 1001, 865, 481, 709,

PWM
REGULATOR
{MAIN)
PWM
REGULATOR
I (STANDEY) Kiot
BATTERY 1 [ 1
K501 —_—— — — — Py
SOLAR ARRAY KaDi g K201
MAIN SECTION v e
BATTERY 2 |
o
K3ol
LIGHT DARK ) -—
SENSOR ] . BATTERY 3
=
SQLAR ARRAY : ¥ UNREGULATED BUS
AUX SECTION {24 TO 35 VDC)

Figure 3-30, Simplified Functional Block Diagram of Baseline Design Approach
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Optimization of Baseline Design, Possible improvements to the Baseline Design have been

explored with the objective of increasing overall reliability and reducing cost. Figure 3-31
shows one such change to the Baseline which provides positive control of battery charge by

the use of individual PWM buck battery charge regulators, Each battery is individually con-
trolled to the temperature-compensated voltage limit which is selected by command. Also

the K401 "Shunt/Regulate' switch fl_mction is eliminated by making the battery charge régulators
with a 100 percent on, low drop pass state (Q1 full on and saturated when no bucking is requir-
ed. The unreliability of the K401 relay as well as the Light/Dark sensor interface is thus
eliminated,

lExI:ernal PWM duty cycle control permits operation near the maximum power point by regulat-

: mg the input current to a commanded level which correspond‘s‘tol the current required to obtain

nearly maximum power from the main solar array over the expected temperafiire range,

PWM
K101 REGULATOR
. ¥ ;J BATTERY | |}—
K102 2
PWM ]
SOLAR ARRAY . BATTERY 2 [—
MAIN SECTION -t . REGULATOR
K301 .
WM ! .
L o—* | REGULATOR BATTERY 3 [—g
' A ‘ J
SOLAR ARRAY ? is %.i iz iz iz s UNREGULATED BUS
AUX, SECTION : ‘ ‘ NREGULATES

Figure-3-31. Individual Battery Charge Regulators for the Baseline Design
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Further changes to the Power Module which reduce the number of different components are:

(1) to locate the discharge isolation diodes in the individual battery PWM regulators, thus
eliminating a separate component called a ""Diode Box"; (2) include the dc-to-de conversion
functions of the Signal Conditioning Assembly in the PWM battery charge regulators since the
oscillator is already there and eliminate the Signal Conditioning Assembly by the integration

of its remaining functions with other components; and (3} combine the Bus Protection Assembly
and the Power Disconnect and Current Sensor Assembly into one box for a net reduction in

fabrication and test cost,

DET Alternate Désig‘n. A simplified functional block diagram for the regulated Direct Energy .

Transfer (DET) implementation is shown in Figure 3-32. This power subsystem provides a
regulated bus (+28 + 0.3 vdc) for distribution to the user subsystems and experiments. The
bus voltage regulation is obtained without the use of an in-line regulator, The Central Control
Unit senses the bus voltage level and controls the operation of the battery discharge boost con-
verters, battery charge regulators and sequenced pérﬁal shunt regulator. The Power Regula-
tion Unit (PRU) contains the charge/discharge electronics which are associated with each
battery. There is one PRU for every battery in the subsystem, It consists of a PWM buck
battery charge regulator and a discharge boost converter. The charge regulator is dedicated
to the associated battéry, but the boost converter in each PRU receives discharge current
from all batteries. An individual boost converter output rating of 500 watts was selected for
the EOS type missions, With this rated output power, three PRU's for the EOS-A mission
will allow operation of the experiments in the event of a single boost converter failure, The
PRU also contains the battery diséharge isolation diodes, charge disable relay and batiery
reconditioning circuitry (if required), The PWM buck battery charge regulators provide
charge limiting at 7.0 amperes per battery and voltage limiting at one of four ground command-

able, temperature compensated levels,
During excess power conditions, bus regulation is maintained by a sequenced partial shunt

regulator, The dissipative elements of this regulator are contained in a shunt load panel which

is shown located on the array side of the slip rings,
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Simplified Functional Block Diagram of D